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ABSTRACT

WATER PERMEABILITY OF ISOLATED 

TISSUES FROM THREE SPECIES OF DECAPOD CRUSTACEANS WITH 

RESPECT TO OSMOTIC CONDITIONS AND EFFECTS OF 

NEUROENDOCRINE FACTORS

by

ANGELA CRISTINI CANTEIMO 

A dvisor: Dr. Linda Mantel

The d if fu s lo n a l  p e rm eab ility  to  w ater o f  th e  g i l l ,  g u t, and 

muscle t i s s u e s  o f  th re e  sp ec ies  o f  decapod c ru stacean s , (Cancer 

i r r o r a tu s , C a llin e c te s  sapiduB, and L lb in ia  em arginata) was measured 

u sin g  THO ( t r i t i a t e d  w a te r) . C  ̂ i r r o r a tu s  and C^ sapidus were 

acclim ated  to  100$ and Ho$ sea  w ater, L^ em arginata were m aintained 

in  100$ sea  w ater. R esu lts  were expressed as $  s a tu ra tio n  v a lu es , 

t h a t  i s  th e  amount o f THO found on th e  hemolymph s id e  o f  th e  t i s s u e ,  

compared to  th e  i n i t i a l  amount o f  THO in  th e  o u ts id e  medium, which was 

considered  to  be 100$.
G il l  and gu t t i s s u e s  o f  C^ i r ro r a tu s  and Cj_ sapidus acclim ated 

to  U0$ sea  w ater have per cen t s a tu ra tio n  values th a t  a re  s ig n if ic a n t ly  

low er than  those  o f  th e  same spec ies  acclim ated to  100$ sea w ater.

Thus, C^ I r ro ra tu s  and C^ sapidus can reduce th e  p erm eab ility  o f 

t h e i r  t i s s u e s  to  w ater on acc lim ation  to  a  lower s a l in i ty .  W ithin 

each acc lim atio n  group, th e re  a re  no s ig n if ic a n t  d iffe re n c e s  in  THO



in flu x es  between th e  g i l l  and g u t t i s s u e s  exposed to  w ater a t  th e  

s a l in i ty  o f  acclim ation  and th e  g i l l  and g u t t i s s u e s  exposed to  w ater 

a t  10$ o f  th e  acclim ation  s a l i n i t y .  However, th e  THO uptake o f th e  

muscle t is s u e  o f  a l l  th re e  sp ec ie s  o f  decapods sub jec ted  to  a  s t r e s s  

o f  10$ o f th e  s a l in i ty  o f  acc lim atio n  i s  s ig n i f ic a n t ly  h ig h er than  th e  

THO uptake o f  th e  muscle t i s s u e  no t su b jec ted  to  a  s t r e s s .  The THO 

in f lu x  across th e  g i l l  and g u t t i s s u e s  o f  em arginata and sapidus 

i s  reduced in  th e  w in te r , which corresponds to  th e  seasonal red u ctio n  

in  general a c t iv i ty  o f  b o th  sp e c ie s .

The d lf fu s io n a l p e rm eab ility  to  w ater was measured fo r  th e  g i l l  

and gut t is s u e s  o f  sapidus and Iu em arginata in  th e  presence and 

absence o f neurohormonal f a c to r s .  Neuroendocrine e x tra c ts  from th e  

th o ra c ic  ganglion ic  mass and th e  ey e s ta lk s  reduce th e  p erm eab ility  

to  w ater o f  g i l l  and gu t t i s s u e s  o f  bo th  sp e c ie s . L ib in ia  em arginata 

and C a llin ec te s  sapidus acclim ated  to  100$ sea w ater have hormonal 

fa c to rs  p resen t in  t h e i r  neuroendocrine t i s s u e s  th a t  reduce th e  THO 

in flu x es  o f th e  e p i th e l i a l  t i s s u e s  such as th e  g i l l  and g u t. The 

e x tra c ts  o f  neuroendocrine t i s s u e s  from sapidus acclim ated  to  Uo$
sea  w ater appear to  e f f e c t  th e  g r e a te s t  red u c tio n  in  p erm eab ility  to  

w ater. The neuroendocrine f a c to rs  a re  no t sp ec ies  s p e c if ic  in  t h e i r  

a c tio n . The g i l l  t i s s u e  e x h ib i ts  a  g re a te r  response to  th e  neuro­

hormonal fa c to rs  than does th e  gu t t i s s u e .
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INTRODUCTION

One o f  the  most im portan t re la tio n s h ip s  between a marine o r 

e s tu a rin e  organism and i t s  environment concerns the organism 's 

hydrom ineral ba lan ce . E s tu a r in e  organisms th a t  e n te r  w ater o f  low 

s a l i n i t i e s  must a c t iv e ly  re g u la te  th e i r  con ten t o f  s a l t  and w ater 

in  o rder to  avoid  f a t a l  d i lu t io n  o f  t h e i r  t i s s u e s .  A d d itio n a lly , in  

c ru stacean s , a t  th e  tim e o f  ecd y sis , th e  re g u la tio n  o f  s a l t  and w ater 

balance becomes p a r t ic u la r ly  im portant because o f  th e  need to  tak e  up 

w ater f o r  su c c e ss fu l m o lting  and growth. P rec ise  hydromineral regu­

la tio n  necessary  fo r  io n ic  hom eostasis and m olting has been shown to  

be under hormonal c o n tro l (B liss  e t  a l ,  1966; M antel, 1968;

Kamemoto and T u l l i s ,  1972; Fingerman and H e it, 1975). However, many 

questions regard ing  hydrom ineral re g u la tio n  in  decapod crustaceans and 

th e  e f f e c t  o f  neurohormones thereon  remain unanswered.

Decapod crustacean s  in h a b it  many environments and ex h ib it a wide 

v a rie ty  o f  osm oregulatory c a p a b i l i t ie s .  S tenohaline forms th a t  a re  

u su a lly  r e s t r i c t e d  to  a  m arine environment have no osmoregulatory 

capacity  and a re  osmoconformers. The more euryhaline  forms in h a b it 

th e  e s tu a r ie s  and are  capab le  o f varying degrees o f  esm oregulation.

There i s  a  g re a t d e a l  o f  d e s c r ip tiv e  m a te r ia l on th e  osmoregu­

la to ry  a b i l i t y  o f  many d i f f e r e n t  spec ies  o f c ru stacean s . However, 

le s s  in fo rm ation  i s  a v a i la b le  concerning th e  mechanisms o f osmoregu­

la t io n . S tud ies  e s ta b lis h in g  th e  osm oregulatory a b i l i t i e s  o f 

e s tu a rin e  decapods have been  reviewed by P o tts  and P arry  (196U),



Lockwood (1968) , S choffen ie la  and G ille s  (1970) and KLnne (1971).

Many workers have shown th a t  e s tu a rin e  decapods sub jec ted  to  a 

hyposmotic s tr e s s  are  ab le  to  w ithstand  d i lu t io n  and a re  ab le  to  

m ain tain  th e  concen tra tion  o f  ions In  the hemolymph above th a t  o f  t h e i r  

environment (Mantel, 1967; Gross, 1961*; Lockwood, 1965; Cantelmo e t  a l ,  

1975). In  o rder to  accom plish t h i s ,  th e  organism must a c tiv e ly  ta k e  

up ions from the  medium. The ac tiv e  uptake o f  ions was f i r s t  demon­

s tr a te d  by Nagel (193**). His c la s s ic  experiment showed c o n c lu s iv e ly  

th a t  th e  euryhaline crab Carcinus maenas was ab le  to  tak e  up Cl" 

a g a in s t a  concen tra tion  g ra d ie n t. KTogh (1938) showed th a t  th e  

decapod E rio ch e lr  slnensus could ta k e  up Na+ and Cl” independently  

from d i lu te  media.

S ince th e  ac tiv e  uptake o f ions was f i r s t  dem onstrated, th e re  has 

been considerab le  re sea rch  dealing  w ith  the s i t e s  and r a te s  o f  t r a n s ­

p o r t.  The g i l l s  o f  c rustacean s  have long been thought to  be th e  

prim ary s i t e s  fo r  a c tiv e  tra n sp o r t .  Croghan (1958) found th a t  th e  

g i l l s  o f  th e  b r in e  shrim p, Artemia s a l in a , s ta in e d  w ith  AgNO^; t h i s  

suggested th a t  a high concen tra tion  o f  Cl" was p re se n t. He a lso  found 

th a t  when th e  g i l l  t i s s u e  was destroyed the anim als could no lo n g er 

osm oregulate. Mantel (1967) s tu d ied  the ra d io a c tiv e  ion flu x es  and 

p o te n t ia l  d iffe ren ces  across the g i l l s  of C a llln e c te s  sap id u s . She 

dem onstrated, by means o f p o te n t ia l  d if fe re n c e s , t h a t  a c tiv e  tra n sp o r t  

was tak in g  p lace across th e  g i l l s .  She a lso  showed th a t  th e  r a te s  o f 

f lu x  o f  Na+ and Cl" v a ried  w ith  th e  s a l in i ty  to  which the  anim als were 

acclim ated . H iB tological s tu d ies  such as th e  one perform ed by Copeland 

( 196I*) in d ic a te  th a t  the  g i l l  t i s s u e s  of osm oregulating crabs a re  th e
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type th a t  a re  u s u a lly  a s so c ia te d  w ith  a c tiv e  t r a n s p o r t .  The c e l ls  o f  

th e  g i l l  lam ellae  have numerous m itochondria, a  la rg e  amount o f rough 

endoplasmic re t lc u llm j th e y  a lso  possess more h ig h ly  organized m icro- 

tu b u les  than  do som atic c e l l s .

The ATPase enzyme system  has been suggested as th e  enzymatic b a s is  

fo r  Na+ and K* t ra n s p o r t  in  c rustacean  t i s s u e s .  Quinn and Lane (1966) 

have in d ic a te d  th a t  a  Na+ and K+ s tim u la ted  system in  g i l l  homogenates 

o f th e  land crab Cardisoma guanhumi p a r t ic ip a te s  in  io n ic  reg u la tio n . 

Both *%ntel (1976) and Towle (1976) have dem onstrated th a t  the  Naf,

K+ , a c tiv a te d  ATPasa a c t iv i t y  in  th e  g i l l  t i s s u e s  o f  C a llin ec tes  

sapidus i s  much h ig h er when th e  crabs a re  acclim ated  to  a  low s a l in i ty  

then  when th ey  a re  in  f u l l  sea w ater. This in d ic a te s  a  g re a te r  amount 

o f a c tiv e  tra n s p o r t  in  th e se  t i s s u e s  when th e  anim als a re  osmoregu- 

l a t in g .

There have been many s tu d ie s  th a t  suggest th a t  th e  crustacean  gut 

i s  a ls o  an io n le a l ly  a c t iv e  t i s s u e .  D a li ( 1965> 1967) has s tud ied  th e  

gut o f  shrimp and crabs w ith  re sp e c t to  ion re g u la tio n . Heeg and 

Cannone (1966) found t h a t  the  h ind  gu t o f  two sp ecies  o f  crabs i s  in ­

volved in  osm oregulation . M antel (1968) found th a t  th e  fo rg u t o f  

Gecarcinus l a t e r a l i s  i s  an osm o tica lly  a c tiv e  t i s s u e  th a t  i s  permeable 

to  b o th  w ater and s a l t s .  Thus i t  seems th a t  t i s s u e s  forming the 

boundaries between th e  organism  and i t s  environment a re  th e  osm otically  

a c t iv e  t i s s u e s  in  an anim al.

Another im portan t mechanism to  preven t excess lo s s  o f  s a l t s  and 

uptake o f w ater as a  r e s u l t  o f  e s tu a rin e  p e n e tra tio n  i s  to  reduce th e  

in tegum ental p e rm e a b ility  to  w a its  and w ater. This has been w ell 

documented in  th e  case  o f  s a l t s  by Nagel (193*0 and Gross (1957).



They showed th a t  marine crabs a re  much more permeable to  s a l t s  than 

a re  eu ry h a lin e  e s tu a rin e  decapods, Rudy (1967) , Smith (1967, 1970), 

Smith and Rudy (1972) ,  Capen (1972) , and Hannen and Evans (1973) 

s tu d ied  th e  decrease in  d if fu s io n a l  p erm eab ility  to  w ate r in  c ru s ­

taceans exposed to  d i lu te  s a l i n i t i e s .  There have been some c o n f l ic t in g  

r e s u l t s ,  perhaps because o f a  sm all iso to p e  e f fe c t  between two d i f f e r ­

en t t r a c e r s  and d if f e r e n t  experim ental tem peratures (Smith and Rudy,

1972). However, i t  has been dem onstrated th a t  a v a r ie ty  o f eu ry h a lin e  

crustaceans ( i . e .  Carcinus meanus, Rhithropanopeus h a r r i s l l , Hemigrapus 

nudus, and Limulus polyphemus) a re  capable o f  decreasing  t h e i r  "ap­

paren t p erm eab ility "  to  w ater upon exposure to  a hyposmotic medium.

The experim ents co n s is ted  o f p lac in g  the whole animal in to  a  la rg e  

b a th  con ta in ing  ra d io a c tiv e ly  lab e led  w ater fo r  a p e rio d  o f tim e  and 

measuring th e  r a d io a c t iv ity  in  samples o f  hemolymph. The reduced ex­

change o f  w ater th a t  was observed in  th ese  experim ents could have re ­

su lte d  from a reduction  in  e p i th e l i a l  pe rm eab ility  to  w ater. However, 

reduction  in  c i r c u la t io n  o f b lood  to  th e  g i l l s  o r  red u c tio n  in  i r r i ­

g a tio n  o f  th e  g i l l s  could a lso  r e s u l t  in  l e s s  ra d io a c tiv e  l a b e l  e n te r­

ing th e  hemolymph. Thus, the  term  "apparent perm eab ility "  was used 

(Smith, 1967) . In  th e se  s tu d ie s ,  d if fu s io n a l fluxes o f  w ater were 

measured in  whole anim als, b u t p erm eab ility  o f  th e  d i f f e r e n t  t i s s u e s  

during th e  s a l in i ty  s t r e s s  was no t examined. As mentioned ab lv e , th e  

main s i t e s  o f  io n ic  a c t iv i ty  a sso c ia ted  w ith  hyperosm oregulation are 

th e  e p i th e l i a l  t is s u e s  such as th e  g i l l  and g u t. I t  i s  a lso  l ik e ly  

th a t  th e se  t is s u e s  a re  involved in  the  movement o f w ater and io n s  a t  

a l l  tim es and in  a l l  environm ents. Thus exam ination o f  th e  perme­
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a b i l i t y  to  w ater o f  th e se  t i s s u e s  should add to  th e  understanding o f  

th e  mechanisms necessary  f o r  s u rv iv a l in  a  m arine o r  e s tu a rin e  en­

vironm ent.

I n t r a c e l lu la r  hom eostasis re q u ire s  a  co n stan t io n ic  com position 

w ith in  c e l l s .  C e llu la r  volume must be reg u la ted  in  o rder to  p reven t 

l y s i s  on exposure to  a  reduced s a l i n i t y .  T herefo re , io n ic  and osm otic 

re g u la tio n  i s  necessary  and im portant a t  th e  c e l lu la r  le v e l .  The 

ad ap ta tio n  o f  c e l l s  to  changes in  osm otic co n cen tra tio n s  has been 

termed in t r a c e l lu la r  iso sm otic  re g u la tio n . Lang and G ainer, (1969) ,  

G il le s  (1972), G erard and G ille s  (1972), and H aberfie ld  and Hass

(1975) have a l l  examined th e  volume changes in  is o la te d  muscle and 

nerve f ib e r s  o f  d i f f e r e n t  eu ry h a lin e  c rustacean s  sub jec ted  to  a 

s a l i n i t y  s t r e s s .  A ll o f  th e  t i s s u e s  showed an i n i t i a l  in c rease  in  

volume, then  l a t e r ,  a f t e r  a  p e rio d  o f  tim e , re tu rn ed  toward th e  in ­

i t i a l  volume. S tu d ies  have shown th a t  amino ac id  poo ls p lay  an 

im portant r o le  in  re g u la tio n  o f  volume and osmotic eq u ilib riu m  between 

th e  c e l l s  and surrounding f lu id  in  eu ry h a lin e  re g u la to rs . Gerard and 

G il le s  (1972) and Gerard (1975) have dem onstrated th a t  ex cre tio n  o f  

f r e e  amino ac id s  from c e l l s  i s  an a c tiv e  p ro cess , which decreases th e  

c e l lu la r  osm otic p re ssu re  and allow s osm otic equlibrium  to  b e  main­

ta in e d . Most o f  th e se  s tu d ie s  have examined th e  amino acid  concen­

t r a t io n  o f  v ario u s  t i s s u e s  o r  th e  volume changes o f  nerve and muscle 

f ib e r s .  To d a te  th e re  have been no s tu d ie s  th a t  have examined th e  

p e rm eab ility  to  w ater o f  b o th  th e  e p i th e l i a l  and in te rn a l  t i s s u e s .

A ll o f  th e  s tu d ie s  d iscu ssed  above re v e a l a  f a i r l y  comprehensive 

d e s c r ip tio n  and some understand ing  o f  th e  p rocesses involved in



hydrom ineral re g u la tio n . Hovever, th ey  do not tak e  in to  account 

p o ss ib le  neuroendocrine c o n tro ls  o f  s a l t  and w ater balance.

As e a r ly  as 19^7, Scudamore rep o rted  th a t  removal o f  ey esta lk s  o r 

s in u s  glands from c ra y f is h  re su lte d  in  an in c rease  in  w ater con ten t o f  

th e  an im als; th e se  changes could be co rre c ted  by im plan ta tion  o f  th e  

s inus gland . S ince th a t  tim e, many workers have s tu d ied  th e  neuroen­

docrine  c o n tro l o f  s a l t  and w ater balance in  decapod crustaceans 

inc lu d in g  C a r l is le  (1955); B lis s  e t  a l .  ( 1966) ; Kamemoto e t  a l .  (1966) 

Skinner e t  a l .  (1965); Kamemoto and T u l l is  (1972); T u ll is  and Kamemoto 

(1973)? Mantel (196Q); T u l l i s  (197*0? and Mantel e t  a l .  (1975). 

Kamemoto and T u ll is  (1972) s tu d ied  th e  neuroendocrine co n tro ls  o f  s a l t  

and w ater re g u la tio n  in  in te rm o lt specimens o f  f re sh  w ater c ray fish . 

They in je c te d  f ra c tio n a te d  e x tra c ts  o f  th e  b ra in  and th o ra c ic  g an g li­

onic mass (T6M) in to  normal and e y e s ta lk le s s  anim als. The d a ta  

in d ica ted  th a t  one f ra c t io n  in creased  th e  concen tra tio n  o f  Cl" in  the  

hemolymph and th e  f lu x  o f  Na+ from th e  medium. However, some r e s u l ts  

could no t be rep ea ted , perhaps because o f  seasonal cy c les . Other 

workers have a lso  suggested th a t  hormonal fa c to rs  c o n tro l w ater and 

ion movements in  decapod c ru stacean s . Rammamurthi and Seheer (1967) 

noted th a t  th e  cephalo thorax  e x tra c t  from th e  prawn Pandalus Jordan! 

decreased th e  e f f lu x  o f  Na^ from th e  crab  Hemigrapus nudus♦ T u ll is  

and Kamemoto (197*»)j in  one o f  t h e i r  most re ce n t papers, p resen t 

evidence th a t  th e re  a re  a t  l e a s t  two fa c to rs  th a t  can be separated  

from e x tra c ts  o f  th e  b ra in  and th o ra c ic  gangionic mass o f  Thalamlta 

c re n a ta . A w ater so lu b le  f ra c t io n  causes a  decrease in  in f lu x  o f 

t r i t i a t e d  w ater, w hile an acrbone so lu b le  f ra c t io n  causes an in crease
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in  in f lu x  o f  t r i t i a t e d  w ater when in je c te d  in to  a crab o r  a  c ra y f ish . 

N either f ra c t io n  a f fe c ts  sodium in f lu x . B lis s  e t  a l .  (1966) have 

given evidence suggesting th a t  th e re  a re  a t  l e a s t  two hormones in  

Gecarcinus l a t e r a l i s  th a t  c o n tro l r e te n tio n  and removal o f  w ater.

Both Kamemoto (1976) and K leinholz (1976) ,  in  t h e i r  review  papers 

on neuroendocrines in  c ru stacean s , p o in t o u t th a t  a  v a r ie ty  o f  ex p e ri­

m ental evidence suggests th e  involvement o f  th e  e y e s ta lk  system , th e  

b ra in ,  th o ra c ic  ganglionic mass, and th e  p e r ic a rd ia l  organs in  neuroen­

docrine c o n tro l o f  bydrom ineral ba lance. There a re  many c o n f l ic t in g  

d a ta  on th e  e f fe c ts  o f  removal o f  ey es ta lk s  and th e  in je c t io n  o f  various 

e x tra c ts  in to  whole o r  e y e s ta lk le ss  anim als. For example, Kamemoto

(1976) p o in ts  ou t th a t  in je c tio n  o f  e x tra c ts  o f  e y e s ta lk s , TGM, and 

b ra in  have caused an in c rease  in  s a l t  and osm otic co n cen tra tio n  o f 

th e  hemolymph in  some anim als and a  decrease in  s a l t  and osm otic con­

c e n tra tio n  o f  th e  hemolymph in  o th e r  anim als. Most o f  th e  work in  th e  

l i t e r a t u r e  has been performed on whole anim als o r  in  th e  fo m o f  b io ­

assay  experim ents, where th e  neuroendocrine e x tra c ts  o f  one sp ec ies  a re  

in je c te d  in to  another sp ec ie s . In  some cases th e  two sp ec ie s  come from 

d if f e r e n t  environs*; rite and a re  su b jec t to  w idely d i f f e r e n t  osm oregulatory 

demands. When e x tra c ts  a re  in je c te d  th e re  i s  no way o f  knowing how 

th e se  e x tra c ts  in te ra c t  w ith  th e  neurohormones t h a t  a re  a lread y  p re sen t 

in  th e  anim al, and what e f f e c t  t h i s  in te ra c tio n  might have on th e  

t i s s u e s .

Few studies have examined the effects of neurohormones on 
isolated tissues. Mantel (1968) examined the isolated forgut of G. 
lateralis in vitro and Tullis (197*0 studied the gills of T«_ crenata
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in  v ivo . The r e s u l t s  o f  th ese  and th e  previous s tu d ie s  suggest th e  

need f o r  in  v i t r o  s tu d ie s  to  e s ta b l is h  th e  e f fe c ts  o f  neuroendocrine 

f a c to rs  on th e  w ate r p erm eab ility  o f  is o la te d  e p i th e l i a l  t i s s u e s ,  

such as th e  g i l l  and g u t.

Lockwood and Inman (1973)$ Lockwood and Andrews (1969) and 

D andifosse (1966) have s tu d ied  changes in  w ater and ion  perm eab ility  

o f  d i f f e r e n t  c ru stacean s  a t  ecd y sis . A ll th e  s tu d ie s  in d ic a te  th a t  

in c re a se s  in  exchange o f  w ater and ions occur and a re  necessary  fo r  

su c c e ss fu l e c d y s is . Removal o f  ey e s ta lk s  from decapods such as 

G. l a t e r a l i s , C. immunis, and C. meanas i s  known to  produce la rg e  

in c re a se s  in  s iz e  due to  excessive  w ater uptake a t  ecdysis (Abramowitz 

and Abramowitz, 19^0; Scudamore, 19^7; C a r is le , 1955). Working w ith 

G. l a t e r a l i s , B l is s  e t  a l .  (19&>) and Mantel (1968) suggest th a t  th e  

c o n tro l  o f  w ater p e rm eab ility  i f  by means o f  neuroendocrine fa c to rs  

and i s  probably  im portan t in  th e  conservation  o f  w ater, e sp e c ia lly  

a t  e c d y s is . F u rth e r  re sea rch  on th e  e f fe c ts  o f  neuroendocrine 

substances on t i s s u e  p e rm eab ility  might he lp  to  exp la in  the  

neurohormonal c o n tro l  fu n c tio n  in  e c d y s ia l w ater ba lance .

This b r i e f  survey o f  th e  l i t e r a t u r e  in  c rustacean  osm oregulation 

and neurohormonal c o n tro l o f hydrom ineral balance rev e a ls  c e r ta in  

a re a s  where f u r th e r  study i s  necessary . Research concerning th e  w ater 

p e rm eab ility  o f  th e  io n ic a l ly  a c tiv e  t is s u e s  such as th e  g i l l  and g u t, 

and o th e r  more in te r n a l  t i s s u e s  such as m uscle, in  crabs w ith  

d i f f e r e n t  osm oregulatory a b i l i t i e s  under d i f f e r e n t  s a l in i ty  cond itions 

i s  necessary . Such s tu d ie s  would y ie ld  s u b s ta n tia l  Inform ation th a t  

would h e lp  in  th e  understand ing  o f  th e  mechanises and p rocesses o f
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osm oregulation. A study coupling observations on w ater p e rm eab ility  

o f  is o la te d  t i s s u e s  w ith  observ a tio n s  on th e  e f f e c ts  o f  neuroendocrine 

e x tra c ts  on p e rm eab ility  o f  th e se  t is s u e s  would h e lp  to  c l a r i f y  th e  

c o n tro ls  o f  w ater movement. T herefo re , I  have designed a  study to  

examine th e  d if fu s io n a l  p erm eab ility  to  w ater o f  is o la te d  t is s u e s  

from dacapods su b jec ted  to  d i f f e r e n t  s a l i n i t y  co n d itio n s . S tud ies 

have a lso  been designed to  examine the  w ater p e rm eab ility  o f  t i s s u e s  

in  th e  presence and absence o f  added neuroendocrine e x tr a c ts .

The decapods chosen fo r  study  a re : Cancer i r r o r a tu s , Say,

C a llin e c te s  sap id u s , Rathbun, and L ib in ia  em arginata, Leach,

C. i r r o r a tu s , th e  common rock c rab , and C. sap idus, th e  b lu e  c rab , 

a re  abundant, e a s i ly  c o lle c te d  euryhaline  decapods th a t  in h a b it  

A tla n tic  c o a s ta l  e s tu a r ie s .  The p o rtu n id  crab C. sapidus was se le c te d  

because o f  i t s  w e ll documented osm oregulatory a b i l i t y  (G iffo rd , 1962; 
Tan' 'and Van Engfel, 1967; M antel, 1967; T agatz, 1971; lynch  e t  a l . ,

1973). The cancro id  crab C. i r r o r a tu s  has been shown to  be an 

osm oregulator, b u t i t  appears to  have a  more lim ite d  e s tu a rin e  

d is t r ib u t io n  th an  C. sapidus (Cantelmo e t  a l . ,  1975). L ib in ia  

em arginata, th e  brachyuran s p id e r  c rab , i s  a decapod th a t  in h a b its  

th e  A tla n tic  Ocean. G ille s  (1970) has dem onstrated th a t  L. em arginata 

i s  an osmoconforming crab th a t  i s  no t ab le  to  re g u la te  th e  concen­

t r a t i o n  o f  i t s  hemolymph above th a t  o f  th e  e x te rn a l environment when 

exposed to  a  hyposmotic medium. S tud ies  on th e  w ater p e rm eab ility  o f  

th e  g i l l ,  g u t, and muscle t i s s u e s  were c a r r ie d  ou t on th e  th re e  sp ec ies  

o f  decapods. Experiments on th e  e f f e c ts  o f  th e  neurohormonal e x tr a c ts  

were c a r r ie d  ou t on L. em arginata and on C. sap id u s .
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MATERIALS AND METHODS 

COLLECTION AND MA3HTAINANCE OF ANIMALS

At a l l  seasons, specimens o f  Cancer i r r o r a tu s  and C a llln e c te s  

sapidus were c o lle c te d  a t  Sandy Hook Bay, New Je rsey  from a depth  o f  

10-30 m eters w ith  an o t t e r  tra w l and /o r crah rake . During th e  w in te r 

months, specimens o f  C. sap idus were a lso  purchased from Randazo's 

F ish  S to re , Bronx, New York. In  th e  summer season , in d iv id u a ls  o f  

L ib in ia  em arginata were c o lle c te d  by commercial f i s h  tra w le rs ,  who 

trapped  th e  anim als in  th e  A tla n tic  Ocean o f f  th e  c o a s t o f  New Je rsey . 

During th e  w in te r , specimens o f  t h i s  sp ec ies  were purchased from th e  

Gulf Specimen Company, Panacea, F lo r id a .

The experim ents performed d u ring  th e  course o f  t h i s  study  were 

c a r r ie d  ou t during  two seasons o f  th e  y e a r . The work on th e  d if fu s io n  

o f  t r i t i a t e d  w ater (THO) in  th e  presence o r  absence o f  an osmotic 

g rad ien t was performed w ith  anim als c o lle c te d  in  Ju ly  and August 1975. 

The experim ents examining th e  e f f e c ts  o f  e x tr a c ts  o f  neuroendocrine 

t i s s u e  were performed on anim als c o lle c te d  from January through 

May 1976.

A ll  anim als were m aintained in  in d iv id u a l *4-6 l i t e r  p la s t i c  

co n ta in ers  In s id e  an environm ental chamber. The tem perature in s id e  

th e  chamber was 15°C, and a  12L: 12D illu m in a tio n  cycle  was

m aintained. A ll  specimens o f  L. em arginata and one h a l f  o f  th e  

specimens o f  C. sapidus and C. i r r o r a tu s  were m aintained in  100$



(33 p p t, 1000 m illioB m ols) In s ta n t Ocean Sea W ater. The rem aining 

in d iv id u a ls  o f  C. i r r o r a tu s  and C. sapidus were g rad u a lly  acclim ated  

to  kVf> (13 p p t, 00 m illio sm o ls) I n s ta n t  Ocean Sea W ater. Water in  

th e  co n ta in e rs  were ae ra te d  a t  a l l  tim es. The anim als were fed  f re s h  

clams once p e r week, and th e  w ater was changed a f t e r  feed ing . The 

crabs were allowed two weeks to  adjuBt to  th e  experim ental co n d itio n s  

b e fo re  th e  experim entation  began.

The s tag e  o f  th e  in te rm o lt cyc le  was determ ined according to  th e  

c r i t e r i a  o f  Drach (1939). A fte r  th e  animal was s a c r i f ic e d ,  a  s e c tio n  

o f  th e  carapace was removed and examined f o r  th e  p resence o r  absence 

o f  th e  membranous la y e r . I f  th e  membranous la y e r  was no t found, th e  

animal was d isca rd ed . This in su red  th a t  a l l  anim als used fo r  

experim entation  were in  th e  C-U s ta g e  o f  t h e i r  c y c le . A ll  experim ents 

were performed a t  25°C.

EXPERIMENTAL PROCEDURES

Before th e  anim als were s a c r i f ic e d ,  a  sample o f  th e  hemolymph 

and medium was tak en , and th e  o sm o la lity  o f  each was measured w ith  an 

Advanced Instrum ents Osmometer. Crabs were then  s a c r i f ic e d  by de­

s tro y in g  th e  b ra in  w ith  a  needle in se r te d  through th e  eye so ck et. The 

g i l l  and g u t t i s s u e s  were removed and mounted on p e rfu s io n  chambers 

m odified from M antel (1967) . In  some experim ents, th e  muscle t i s s u e  

was a lso  d is se c te d  from th e  anim al and p ieces  were p laced  in  

In d iv id u a l Erlenmeyer f la s k s .

In d iv id u a l g i l l s  were removed from th e  b ra n c h ia l chamber, th e  

t i p  o f  th e  g i l l  was c u t o f f ,  and th e  c lo t te d  hemolymph was removed



from th e  a f fe re n t  a r te ry .  The g i l l  was then  l ig a te d  onto th e  open 

ends o f  th e  p e rfu s io n  chamber -with co tto n  thready th u s  forming a 

con tinuously  c ir c u la t in g  system (F ig . 1A). C irc u la tio n  o f  th e  f lu id  

i s  accomplished by bubbling a i r  from a  pump. When th i s  a i r  l i f t  

system i s  a c tiv a te d , th e  f lu id  in  th e  p e rfu s io n  chamber i s  fo rced  to  

flow  through th e  e f fe re n t a r te ry  and th e  g i l l  lam ellae . This flow 

was v e r i f ie d  by th e  use o f  a  so lu tio n  o f  methylene b lu e  dye. The 

flow r a te s  w ith in  th e  p e rfu sio n  chamber were c a l ib ra te d  by measuring 

th e  flow o f  g la s s  m icrobeads, and th e  r a te s  remained co n sta n t through 

ou t th e  experim ents. The f lu id  in  th e  p e rfu s io n  b a th  sim ulated  th e  

f lu id  on th e  o u ts id e  o r  medium s id e  o f  th e  g i l l ;  w hile  th e  f lu id  in  

th e  p erfu sio n  chamber sim u la tes  th e  f lu id  on th e  in s id e  o r  hemolymph 

s id e  o f  th e  g i l l .  The p e rfu s io n  b a th  has a volume o f  50 ml and th e  

p e rfu s io n  chamber has a  volume o f  5 ml. A fte r  te rm in a tio n  o f  th e  

experim ent, th e  g i l l s  were cu t away from th e  chambers and weighed on 

a  M e ttle r  ba lance to  0 .1  mg.

The gut t i s s u e  was d is s e c te d  from th e  c rab , and a  p iece  was 

mounted on th e  g la ss  p e rfu s io n  chamber by means o f  a  rubber "0” 

r in g  (F ig . IB ). The f lu id  in  th e  p e rfu s io n  b a th  sim u la tes  th e  f lu id  

on th e  hemolymph s id e  o f  th e  g u t; w hile  th e  f lu id  in  th e  p erfu sio n  

chamber sim u la tes  th e  f lu id  on th e  lumen s id e  o f  th e  g u t. The 

p e rfu s io n  b a th  has a  volume o f  Uo ml and th e  p e rfu s io n  chamber has a  

volume o f  5 ml.

T r i t ia te d  w ater (THO) was added to  th e  p e rfu s io n  b a th  o f  th e  g i l l  

p rep a ra tio n  (0 .5  ^C i/m l) and to  th e  p e rfu s io n  chamber o f  th e  gut 

p rep a ra tio n  5 .0 ^ C i/m l) .  At sp e c if ie d  in te r v a ls ,  by means o f  a  100 ^
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Oxford M icropipet t o r ,  samples were drawn from th e  p e rfu s io n  chamber 

o f  th e  g i l l  p rep a ra tio n  and from th e  p e rfu s io n  b a th  o f  th e  gut 

p rep a ra tio n . In  th e  same manner, b e fo re  th e  t i s s u e s  were added, 

samples were taken  th a t  served as s tan d a rd s . A ll  o f  th e  samples were 

counted as d escrib ed  below. Thus, t h i s  s e t  o f  experim ents measured 

th e  d if fu s io n  o f  THO from th e  medium to  th e  hemolymph s id e  o f  th e  g i l l  

and from th e  lumen to  th e  hemolymph s id e  o f  th e  g u t.

P ieces o f  muscle t i s s u e  were removed from th e  proxim al segment o f  

th e  c h e la  and walking le g s  o f  th e  anim als. These p ieces  were cu t 

in to  sm alle r p ie c e s , and th e  sm aller p ieces  incubated  in  in d iv id u a l 

a e ra ted  25 ml g la ss  Erlenmyer f la s k s .  T r i t i a te d  w ater (l.O yuC i/m l) 

was added to  each o f  th e se  incubation  f la s k s .  A sample th a t  served 

as a  s tan d ard  was taken  w ith  a  100 X Oxford M icro p ip e tto r b e fo re  th e  

t i s s u e  was added. T issues were removed a t  sp e c if ie d  in te r v a ls ,  r in se d  

in  un labeled  medium, p laced  in  pre-w eighed Oximat a c e ta te  cups, and 

weighed to  0 .1  mg. The cups and th e  t i s s u e s  were subsequently  

combusted in  an Oximat T issue O xid izer. This allowed th e  THO th a t  was 

contained  in  th e  t i s s u e s  to  be re le a se d . These experim ents measured 

th e  d if fu s io n  o f  THO from th e  o u ts id e  o f  th e  t i s s u e  in to  bo th  th e  

in t r a c e l lu a r  and e x t r a c e l lu la r  spaces o f  th e  crab m uscle.

A ll l iq u id  samples were added to  15 ml o f  In s ta g e l  and counted in  

a  Beckman model LS -  250 s c in t i l l a t i o n  coun ter. The quench was 

determ ined to  be n e g lig ib le . The THO th a t  was con tained  in  th e  muscle 

t i s s u e  was re le a se d  in to  th e  Q xifluor S c in t i l l a t io n  F lu id  In s id e  th e  

Oximat machine. The l iq u id  samples th a t  came from t h i s  machine were 

counted on a  Beckman coun ter, and c o rre c tio n s  were made fo r  c a rry ­

over and background.
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EXPERIMENTS ON DIFFUSION OF TITO IN THE PRESENCE AND 

ABSENCE OF AN OSMOTIC GRADIENT

This s e t  o f  experim ents van designed to  show th e  e f fe c ts  o f  

acc lim ation  and osm otic s t r e s s  on th e  d if fu s io n  o f  THO across th e  

ep ith e liu m  o f  th e  g i l l  and gut and in to  th e  in t r a c e l lu la r  and 

e x t r a c e l lu la r  spaces o f  th e  muscle t i s s u e .

For each in d iv id u a l o f  C. sap id u s , C. i r r o r a tu s  and L. em arglnata 

th a t  was te s te d  in  t h i s  s e t  o f  experim ents, o n e -h a lf  o f  th e  samples o f  

th e  g i l l ,  g u t and muscle t i s s u e  was exposed to  a medium w ith an 

o sm o la lity  eq u iv a len t to  th e  s a l i n i t y  o f  acc lim a tio n ; th i s  s a l in i ty  

was 100$ o r U0$ and i s  desig n a ted  th e  c o n tro l  s a l in i ty .  The o th e r  

h a l f  o f  th e  samples were exposed to  an osm otic s t r e s s  c o n s is tin g  o f 

10$ o f  th e  c o n tro l  s a l in i ty .

Since fo u r g i l l s  o f  each animal were used , 2 g i l l s  were perfused  

on th e  medium s id e  w ith  th e  c o n tro l s a l i n i t y ,  w hile th e  o th er two were 

perfused  on th e  medium s id e  w ith  th e  s t r e s s  s a l i n i t y .  The hemolymph 

s id e  o f  th e  g i l l s  was always perfused  w ith  sea  w ater o f  th e  c o n tro l 

s a l i n i t y .  Each g u t was d iv ided  in to  two p ie c e s . One p iece was 

perfused  on th e  lumen s id e  w ith  w ater o f  th e  c o n tro l s a l in i ty .  The 

o th e r  p iece  was p erfu sed  on th e  lumen s id e  w ith  w ater o f  the  s tr e s s  

s a l i n i t y .  The hemolymph s id e  o f  th e  b o th  p ieces  o f  th e  gut was always 

perfused  w ith  w ater o f  th e  c o n tro l s a l i n i t y .

The g i l l  and gut t i s s u e s  were perfused  in  th e  t e s t  s a l i n i t i e s  fo r  

two hours. Samples were taken  from th e  p e rfu s io n  chamber o f  th e  g i l l
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apparatus a t  th e  end o f  each hour. Samples from th e  p e rfu s io n  h a th  o f  

th e  gu t apparatus were taken  a t  30 m inutes, 1 hour and 2 hours.

S ix teen  p ieces  o f  muscle t i s s u e  were used. E ig h t p ieces  were 

p laced  in  p e rfu s io n  f lu id  (P ro sser and Brown, 1961) w ith  an osm olality- 

corresponding to  th e  o sm o la lity  o f  th e  hemolymph o f  th e  crab a t  th e  

s a l i n i t y  o f  acc lim atio n ; th i s  i s  designated  c o n tro l p e rfu s io n  f lu id .  

The o th e r  e ig h t p ieces  were incubated in  p e rfu s io n  f lu id  w ith  an 

o sm o la lity  c o n s is tin g  o f 10$ o f th e  osm o la lity  o f th e  hemolymph; th i s  

i s  designa ted  s t r e s s  p e rfu s io n  f lu id  (Table l ) .  Two p ieces  o f  th e  

m uscle t i s s u e  were removed from th e  c o n tro l and th e  s t r e s s  p e rfu s io n  f 

f lu id  a f t e r  10 m inutes, 20 m inutes, 30 m inutes, and U5 m inutes.

EXPERIMENTS USING EXTRACTS OF NEUROENDOCRINE TISSUES

This s e t  o f  experim ents was designed to  examine th e  e f f e c ts  o f  

e x tra c ts  made from th e  th o ra c ic  gang lion ic  mass (TGM), e y e s ta lk s  (ES), 

and nerve-m uscle (NM) on th e  d if fu s io n  o f  THO from th e  medium to  th e  

hemolymph s id e  o f  th e  g i l l  and from th e  lumen to  th e  hemolymph s id e  

o f  th e  g u t.

E x trac ts  o f  th e  ES, TGM, and NM were made according t o  th e  method 

Kamemoto and T u llis  (197*0. The ES, TQ4, and le g s  o f  crabs were 

removed and s to re d  in  th e  f re e z e r  fo r  no lo n g er than  two weeks b e fo re  

be ing  used. Approximately one hour p r io r  to  th e  a c tu a l  experim ent, 

th e  t i s s u e  to  be ex tra c te d  was removed from th e  f re e z e r .  The TGM was 

used in  to to ,  w hile th e  ES were cu t open and th e  s o f t  t i s s u e  was 

removed. The le g s  were snapped a t  th e  jo in t  between th e  carpus and

1



TABLE 1

Acclimation and test osmolalities for the muscle tissue.

Species Salinity of Hemolymph Test
Acclimation ($S.W.) Osmolality (mosmols) Osmolality (mosmols)

C. i r r o r a tu s 100$ 1000 1000 c o n tro l

C. i r r o r a tu s 100$ 1000 100 s t r e s s

C. i r r o r a tu s i*o$ 500 500 c

C. i r r o r a tu s Uo$ 500 50 s

C. sapidus 100$ 1000 1000-c

C. sapidus 100$ 1000 100 s

C. sapidus i*o$ 750 750 c

C. sapidus Uo$ 750 75 s

L. em arginata 100$ 1000 1000 c

L. em arginata 100$ 1000 100 s
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th e  m enu and th e  leg  nerve and some mascle t i s s u e  was removed. The 

t i s s u e s  were ground w ith  a m ortar and p e s t le  in  1 ml o f  p e rfu s io n  f lu id ,  

w ith  au toclaved  sea  sand to  a id  in  g rin d in g . A f te r  th e  t i s s u e s  were 

ground, th e  t e s t  tube con ta in ing  th e  e x tr a c t  was suspended in  a 

b o il in g  w ater b a th  fo r  te n  m inutes. The r e s u l t in g  suspension was th en  

c en trifu g ed  a t  10,500 R.P.M. f o r  30 m inutes in  a  S o rv a ll model RC2(3) 

c e n tr ifu g e  a t  14°C. The supernatan t was s to re d  on ic e  fo r  up to  two 

hours u n t i l  i t  was used in  th e  p e rfu s io n  system.

G il l  and gu t t is s u e s  o f  C. sapidus and L. em arginata were used in  

t h i s  s e t  o f  experim ents. A ll g i l l  and gu t t i s s u e s  had sea  w ater o f  th e  

c o n tro l s a l i n i t y  on bo th  s id es  o f  th e  p e rfu s io n  system , so th a t  th e re  

was no osm otic s t r e s s .  For each anim al, fo u r g i l l s  and two p ieces  o f 

gu t were te s te d .  Two g i l l s  and one p iece  o f  gu t were t r e a te d  as 

c o n tro ls  by exposing them only to  sea w ater a t  th e  c o n tro l  s a l in i ty .

The rem aining two g i l l s  and p iece  o f  gu t were considered  as  ex p eri-  

m entals by t r e a t in g  them w ith  c o n tro l s a l i n i t y  sea  w ater co n ta in in g  

e x tra c ts  o f  one o f  th e  above t i s s u e s  ( i . e .  TGM, ES, o r  NM). A ll 

t i s s u e s  were f i r s t  mounted w ith  n o n -rad lo ac tiv e ly  lab e le d  sea  w ater in  

th e  p e rfu s io n  b a th  and in  th e  p e rfu s io n  chamber. Then 0 ,3  ml o f 

e x tr a c t  was added to  th e  p erfu sio n  chamber o f  th e  g i l l  appara tu s and 

to  th e  p e rfu s io n  b a th  o f  th e  gut ap para tus. The o th e r  two g i l l s  and 

p iece  o f  gu t received  no e x tr a c ts .  A ll o f  th e  t i s s u e s  were p erfu sed  

in  th e  un labeled  b a th s , e i th e r  w ith  o r  w ithout e x t r a c ts ,  f o r  20 

m inutes. A fte r  th a t  tim e, a  p e rfu s io n  b a th  co n ta in in g  THO was 

rep laced  in to  th e  g i l l  apparatus and 5 ml o f  THO lab e led  sea  w ater was 

s u b s t i tu te d  in to  th e  p erfu sio n  chamber o f  th e  gut ap p ara tu s. The
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t i s s u e s  were p erfu sed  in  th ese  so lu tio n s  f o r  one hour befo re  samples 

v e re  taken  from th e  hemolymph s id e .

Dosage o f  th e  neuroendocrine e x tra c ts  was as  fo llow s: Tissues o f

C. sapidus acclim ated  to  100$ sea  w ater were t r e a te d  as described  

above w ith  th e  fo llow ing  e x tr a c ts ;  (A) H TGM o r 8 ES from specimens o f 

C. sap idus acclim ated  to  100$ sea  w ater. (B) 2 TGM o r  U ES from 

specimens o f  C. sap idus acclim ated  to  Uo$ sea  w ater. (C) NM e x tra c ts  

from 2 le g s  o f  C. sap idus acclim ated  to  100$ sea w ater.

T issues o f  C. sapidus acclim ated  to  Uo$ sea  w ater were tre a te d  as 

described  above w ith  th e  fo llow ing types o f  e x t r a c ts :  (A) 1* TGM o r

8 ES from specimens o f  C. sapidus acclim ated  to  1*0$ sea w ater, (b ) NM

e x tra c ts  from two le g s  o f  C. sap idus acclim ated  to  U0$ sea  w ater.

T issues o f  L. em arginata acclim ated  to  100$ sea w ater were tre a te d  

as d escrib ed  above w ith  th e  fo llow ing  types o f e x tr a c ts .  (A) H TGM o r 

8 ES from specimens o f  L. em arginata acclim ated  to  100$ sea w ater.

(B) 2 TGM o r  U ES from specimens o f C. sapidus acclim ated to  Ho$ sea

w ater. (C) NM e x tra c ts  from two leg s  o f  L. em arginata acclim ated to  

100$ sea  w ate r.

ANALYSIS OF DATA

A ll  r e s u l t s  a re  expressed as p ercen t s a tu ra tio n  va lues; th a t  i s ,  

th e  amount o f  THO found on th e  hemolymph s id e  o f  th e  t i s s u e ,  compared 

to  th e  i n i t i a l  amount’o f  THO in  th e  o u ts id e  o r th e  lumen s id e  medium, 

which was considered  to  be 100$ (Sm ith, 1970). The percen t s a tu ra tio n  

values were expressed p e r gram o f  g i l l  and muscle t i s s u e  and p er cm2
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o f  gut t i s s u e .  The hourly  w ater exchange f ra c t io n ,  o r  r a t e  co n stan t K, 

was c a lc u la te d  according to  Smith (1970) by use o f  th e  fo llow ing 

equation : Ka (2 .3 / t) lo g ^ Q (100/100„$ s a t . ) ,  where K= th e  p ercen t

o f  body w ater exchanged p e r  hour, t -  tim e o f  exposure in  hours,

$  s a t .=  co n cen tra tio n  o f  THO on th e  hemolymph s id e , o f  th e  t is s u e s  

compared to  th e  co n cen tra tio n  o f  THO on th e  o u ts id e  o r  lumen s id e  

o f  th e  t i s s u e .  In  a l l  c a se s , th e  s p e c if ic  a c t iv i ty  o f  th e  rad io - 

a c t iv e ly  lab e led  medium was high in  r e la t io n  to  th a t  o f  th e  non-radio- 

a c t iv e ly  lab e led  medium. This i t  can be assumed th a t  d i lu t io n  by 

w ater from th e  un labeled  s id e  i s  n e g lig ib le . At t=  i n f i n i t y ,  th e  

p ercen t s a tu ra tio n  w i l l  approach 100$. In  th e  c a lc u la tio n  o f  K in  

t h i s  paper, t*  1 hour was used fo r  b o th  g i l l  and g u t.

S t a t i s t i c a l  s ig n if ic a n c e  o f  th e  d a ta  was taken  a t  th e  5$ le v e l  o f  

confidence by th e  use o f  th e  an a ly s is  o f  varian ce  and S tu d e n t's  t - t e s t ,  

when req u ired . The r e s u l t s  a re  p resen ted  as p ercen t s a tu ra tio n  v a lu es ; 

however, in  o rd e r to  perform  th e  a n a ly s is  o f  v a ria n c e , th e  da te  were 

transform ed by th e  use o f  th e  a rc -s in e  tra n sfo rm a tio n . The re fe ren ce  

fo r  a l l  s t a t i s t i c a l  methods was Sokal and Roth (1973).
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RESULTS 

OSMOTIC RESPONSES

R esu lts  o f  th e  o sm o la lity  measurements a re  shown in  Table 2. A ll 

th re e  sp ec ies  a re  osmoconformers in  100$ sea  w ater, since  th e re  are  

no s ig n if ic a n t  d if fe re n c e s  (P>0.05) between th e  e x te rn a l medium and 

th e  hemolymph o f  th e  crabs (P>.05) (Table 2 , In  1 ,3 ,5 ) .  In  *40$ sea  

w ater, bo th  C. i r r o r a tu s  and C. sapidus are  hyperegu la ting , s in ce  th e  

o sm o la lity  o f  t h e i r  hemolymph i s  s ig n if ic a n t ly  h ig h er (P<.05) than 

th a t  o f  th e  e x te rn a l medium (Table 2 , In  2 ,U ). The values a lso  

in d ic a te  th a t  C. sapidus i s  a s tro n g e r re g u la to r  th an  C. i r r o r a tu s .

DIFFUSION OF THO IN THE PRESENCE OR ABSENCE OF AN OSMOTIC GRADIENT

The d a ta  from experim ents on th e  THO in f lu x  across th e  g i l l s  and 

gu t a re  p resen ted  in  Tables 3 and U. A summary o f  th e  s ig n if ic a n t  

d iffe re n c e s  i s  p resen ted  in  Table 5A. The most im portant and 

s ig n if ic a n t  d iffe re n c e s  a re  seen when th e  $  s a tu ra tio n  values o f  th e  

t i s s u e s  o f  crabs acclim ated  to  100$ sea  w ater a re  compared w ith  th e  $  

s a tu ra tio n  values o f  th e  t i s s u e s  o f  crabs acclim ated to  Uo$ sea  w ater 

(Table 3 , In  1 ,3 ,5 ,7j Table k,  In  1 ,3 ,5 ,7 ) .  G il ls  and gu ts  o f 

C. sap idus and C. i r r o r a tu s  acclim ated  to  Uo$ sea  w ater have s ig n i f i ­

c a n tly  low ere(P<.001) THO in flu x e s  than th e  t is s u e s  o f  crabs o f  th e  

same sp ec ies  acclim ated  to  100$ sea w ater (Table % ,  In 1&2, U&5;

F ig . 2 ,3 ) .  The $  s a tu ra tio n  values a t  1*0$ sea w ater a re  le s s  than



TABLE 2

Osmoregulatory a b i l i t y  o f  th re e  sp ec ies  o f  c rab s. Comparison o f  th e  o sm o la lity  o f  th e  

hemolymph and medium w ith  th e  p ro b a b ili ty  th a t  th e  d iffe re n c e s  between them a re  s ig n if ic a n t .

Species Number o f 
Animals

Mean Medium
Cone. (m illio sm o ls)

Mean Hemolymph 
Cone., (m illio sm ols)

P

1. Cancer i r r o r a tu s 7 1031.8 t  io .O 1015.5 t  1U.2 >0.05

2. Cancer i r r o r a tu s 7 l*ol*.5 -• ^ .8 U86.8 *  3 .2 <0.05

3. C a lli nec tes  sapidus 6 1010.1 ± 10.6 1019.1 *  13.9 >0.05

1*. C a llin e c te s  sapidus 6 k2k . i  ± k . a 71*7.8 ±  13.3 <0.05

5. L ib in ia  em arginata 8 1029.5 * 12.9 1026.5 * 11.6 >0.05



TABLE 3

W ater p e rm eab ility  o f  th e  g i l l  t i s s u e s  o f  th re e  spec ies  o f  crabs as in d ic a ted  by 

th e  p e rcen t THO s a tu ra tio n  a t  one hour and th e  hourly  w ater exchange f ra c t io n  (K).

Species Number o f  S a l in i ty  o f  S a l in i ty  Mean % K
Animals Acclim. ($S.W.) Acute T re a t. ($S.W.) S a t. ( l h r . )

1 . C. i r r o r a tu s 6 100 100 78.82  t  16.55 1.55

2. C. i r r o r a tu s 6 100 10 91.00  t  15.23

3. C. i r r o r a tu s 6 Uo Uo 30.12  ± U.Uo 0.35

U. C. i r r o r a tu s 6 Uo U 26.82  * U.28

5 . C. sapidus 6 100 100 67.83  *  16.35 1.13

6 . C. sapidus 6 100 10 63.25  * 20.00

7 . C. sapidus 6 Uo Uo 28.39 ± 6.82 0.33

8 . C. sapidus 6 Uo U 28.27  -  5.96

9. L. em arginata 6 100 100 75.U2 i  11.53 1.39

10. L. em arginata 6 100 10 60.07  *  7 .0 6



table i*

Water p e rm eab ility  o f  th e  gut t i s s u e s  o f  th re e  sp ec ies  o f  crabs as in d ica ted  by th e  

percen t THO s a tu ra tio n  a t  30 minutes and th e  hou rly  exchange f ra c t io n  (K).

Species Number o f  
Animals

S a l in i ty  
Acclim. (#S.W.)

S a l in i ty
Acute T rea t. ($S.W.)

Mean #
S a t. (1  h r . )

S td .
E rro r

K

1. C. i r r o r a tu s 6 100 100 5 M
+ 0.7l*0 1.1107

2. C. i r r o r a tu s 6 100 10 1*.91 f 0.781*

3. C. i r r o r a tu s 6 1*0 1*0 2.28 + 0.311* 0.0l*5l*

1*. C. i r ro r a tu s 6 1*0 1* 2.18 + 0.281

5. C. sapidus 6 100 100 5.00 f O.383 0.1012

6 . C. sapidus 6 100 10 1*.01 ± 0.2981

7. C. sapidus 6 1*0 1*0 2 .7  6 + 0.373 0.0551

8. C. sapidus 6 1*0 1* 2.1*5 + 0.318

9. L. em arginata 6 100 100 2.93 £ 0.259 0.0590

10. L. em arginata 6 100 10 3.03 t 0.229



TABLE 5A

E ffe c ts  o f  acc lim ation  to  1*0$ sea w ater o f  th e  g i l l ,  g u t, and muscle t is s u e s  o f  

C. sapidus and C. i r r o r a tu s .

Experim ental C onditions____________________________________________________ Tissue 4 $  S a t. P

1. C. i r r o r a tu s  100$ acclim . vs C. i r r o r a tu s  Uo$ acclim . G il l U8.7 <.001

2. C. sapidus 100$ acclim . vs C. sapidus 1*0$ acclim . (summer) G il l 39.1* <.001

3. C. sapidus 100$ acclim . vs C. sapidus 1*0$ acclim . (w in te r) G il l 9.1* <.05

1*. C. i r r o r a tu s  100$ acclim . vs C. i r r o r a tu s  1*0$ acclim . Gut 3 .2 <.001

5. C. sapidus 100$ acclim . vs C. sapidus 1*0$ acclim . (summer) Gut 2 .2 <.001

6 . C. sapidus 100$ acclim . vs C. sapidus 1*0$ acclim . (w in te r) Gut 0 .6 <.05

7 . C. i r r o r a tu s  100$ acclim . vs C. i r r o r a tu s  1*0$ acclim . Muscle 23.3 >.05

8. C. sapidus 100$ acclim . vs C. sapidus 1*0$ acclim . Muscle 27.6 < .05
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one h a l f  o f  th e  values a t  100$. The c a lc u la te d  K values (hourly  w ater 

exchange r a te s )  a re  a lso  d i f f e r e n t  fo r  th e  d i f f e r e n t  s a l i n i t i e s  o f  

acc lim atio n  (Table 3 ,*0 . G ills  o f  C. i r r o r a tu s  e x h ib it K v a lu es o f  

1.55 a t  100$ acclim ation  and 0.35 a t  h0$ acc lim atio n , w hile g i l l s  o f  

C. sap idus have w ater exchange r a te s  o f  1.33 and 0.33 a t  100$ and Uo$ 

s a l i n i t y  o f  acclim ation  re sp e c tiv e ly . Thus, C. i r r o r a tu s  and 

C. sap idus can reduce t h e i r  w ater exchange o r  th e  p e rm eab ility  o f  

t h e i r  t i s s u e s  upon acclim ation  to  a  low er s a l in i ty .

In  th e  g i l l  and gut t i s s u e s  o f  th e  th re e  sp ec ies  o f  crabs te s te d ,  

th e  in f lu x  o f  THO i s  th e  same fo r  th e  t i s s u e s  sub jec ted  to  th e  c o n tro l 

s a l i n i t y  (100$ o r  U0$ sea  w ater) as fo r  th e  t is s u e s  t r e a te d  w ith  w ater 

a t  th e  s t r e s s  s a l i n i t y  (10$ o r  *t$ sea w ater) (P > .0 5 )  (Tables 2&3, In  

1&2, 3*^, 5&6, 7&8, 9&10; Table 5B, In  1 -5 , 6-10; P ig . 2 ,3 ) .  Thus 

th e re  a re  no changes in  th e  p erm eab ility  o f  g i l l  and gu t to  w ater 

during  an osm otic s t r e s s .

M u lti- fa c to r  an a ly s is  o f  varian ce  showed th a t ,  in  th e  case o f  th e  

g i l l  t i s s u e ,  th e re  a re  no in te r s p e c i f ic  d iffe re n c e s  in  w ater 

p e rm eab ility  (P > .0 5 )  among th e  th re e  spec ies  o f  decapods s tu d ied  a t  

100$ s a l i n i t y  o f  acclim ation  (Table 3 , In  1 , 5, 95 Table 5C, In  1 -3 ; 

F ig . 2 ) .  During summer under th e se  s a l i n i t y  cond itions th e  THO 

in flu x e s  a re  th e  same fo r  C. i r r o r a tu s , C. sapidus and L. em arginata . 

At th e  Uo$ s a l i n i t y  o f  acc lim atio n , g i l l s  o f  C. i r r o r a tu s  and 

C. sap idus a lso  e x h ib it  th e  same w ater p erm eab ility  (P > .0 5 )  (Table 3 , 

In  3 , 7 ; Table 5C, In  h j F ig .2 ) .  In  most in s ta n c e s , th e re  a re  a lso  

no in te r s p e c i f ic  d iffe re n c e s  in  p e rm eab ility  to  THO o f  thie gu t t i s s u e s .  

Thus, th e  in f lu x  o f  THO across  th e  gut o f  C. sapidus i s  th e  same as
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th e  in f lu x  across th e  gu t o f  C. i r r o r a tu s  (P > .0 5 )  when th e  crabs 

a re  acclim ated e i th e r  to  100$ o r ho$ sea  w ater (Table U, In  1&5,

3&7J Table 5C, In  5,  8 ) . However, during  th i s  s e t  o f  experim ents, 

th e  gut o f  L. em arginata was le s s  permeable than  th e  g u ts  o f  th e  

o th e r  two sp ecies  acclim ated  to  100$ sea  w ater (P< .001) (Table k,

In  1 , 5, 9 ; Table 5C In  6 , 7 ; F ig . 3 ).

R esu lts  o f  th e  tim e course experim ents show th a t  th e  uptake o f  

THO across th e  g i l l s  i s  not s t a t i s t i c a l l y  h ig h er (P>.05) a f t e r  

2 hours than  a f t e r  1 hour. Uptake across  th e  gu t i s  a lso  s im ila r  

a f t e r  30 m inutes, 1 hour and 2 hours (P> .05). In  alm ost a l l  cases 

th e  $ s a tu ra tio n  values in creased  w ith  tim e; however, th o se  in c reases  

were sm all and th e  v a r i a b i l i ty  w ith in  each acclim ation  group was 

h igh  enough to  make th e  d iffe re n c e s  not s t a t i s t i c a l l y  s ig n if ic a n t .

During th e  course o f  experim ents on th e  e f fe c ts  o f  e x tra c ts  from 

neuroendocrine t i s s u e s ,  c o n tro l measurements were made o f  THO in f lu x  

across th e  g i l l  and gu t t i s s u e s  w ithou t e x tr a c ts  being added. 

Comparison o f  th e se  d a ta  w ith  d a ta  c o lle c te d  during  th e  experim ents on 

osmotic s t r e s s  re v e a l some in te re s t in g  r e s u l t s  (Tables 5D, 6 ) . The 

mean $  s a tu ra tio n  values o f  th e  g i l l s  o f  C. sapidus acclim ated  to  100$ 

sea  w ater in  th e  w in te r  i s  16.08; w hile  during  th e  summer, th e  mean $ 

s a tu ra tio n  values’fo r  th e  g i l l s  under th e  same experim ental co n d itio n s  

i s  67.83  (Table 6 , In  1 , 2 ) . This re la t io n s h ip  i s  th e  same fo r  

t i s s u e s  o f  th e  two sp ec ies  o f  crabs th a t  were te s te d  in  b o th  seasons. 

The $ s a tu ra tio n  values o f  th e  g i l l s  and th e  g u ts  o f  bo th  C. sapidus 

and L, em arginata a re  low er in  th e  experim ents conducted in  th e  w in te r 

(Tables 5D, 6 ) . However th e  r e la t io n s h ip  between th e  THO In flu x  and



TABLE 5B

Effects of anosmotic stress on the gill, gut and muscle tissues of the three species of crahs.

Experimental Conditions Tissue 4 $  Sat. P

1 . C. i r r o r a tu s  100$ c o n tro l vs C. i r r o r a tu s  10$ s t r e s s G i l l 12.2 >.05
2 . c . sapidus 100$ c o n tro l vs C. sapidus 10$ s t r e s s G i l l k .6 >.05

3. L. em arginata 100$ c o n tro l vs L. em arginata 10$ s t r e s s G i l l 15.3 >.05
h. C. i r r o r a tu s  Uo$ co n tro l vs C. i r r o r a tu s  h$ s t r e s s G il l 3 .3 >.05

5. C. sapidus hO$ c o n tro l vs C. sapidus U$ s t r e s s G i l l 0 .3 >.05
6. c . i r r o r a tu s  100$ c o n tro l vs C. i r r o r a tu s  10$ s t r e s s Gut 0 .5 >.05

7. c . sapidus 100$ c o n tro l vs C. sapidus 10$ s t r e s s Gut 0 .9 >.05
8. L. em arginata 100$ c o n tro l vs L. em arginata 10$ s t r e s s Gut 0 .1 >.05

9. C. i r r o r a tu s  Uo$ c o n tro l vs C. i r r o r a tu s  h$ s t r e s s Gut 0 .1 >.05
10. C. sapidus h0$ c o n tro l vs G. sapidus U$ s t r e s s Gut 0 .3 >.05
11. C. i r r o r a tu s  100$ co n tro l vs C. i r r o r a tu s  10$ s t r e s s Muscle 52.2 <.05
12. C. sapidus 100$ c o n tro l vs C. sapidus 10$ s t r e s s Muscle 17.0 <.05
13. L. em arginata 100$ c o n tro l vs L. em arginata 10$ s t r e s s Muscle ho.O <.05

lh . C. i r r o r a tu s  h0$ c o n tro l vs C. i r r o r a tu s  h$ s t r e s s Muscle 69 .h <.001

15. C. sapidus U0$ c o n tro l vs C. sapidus h$ s t r e s s Muscle 52.1 < .001



TABLE 5C

Interspecific comparisons of the water permeability of the gill and gut tissues of the 
three species of crabs.

Experimental Conditions Tissue £$ Sat. P

1 . C. i r r o r a tu s  100$ vs C. sapidus 100$ G il l 10.9 >.05

2 . C. i r r o r a tu s  100$ vs L. em arginata 100$ G il l 3.U >.05

3. C. sapidus 100$ vs L. em arginata 100$ G il l 7 .6 >.05

l+. C. i r r o r a tu s  1+0$ vs C. sapidus 1+0$ G il l 1 .7 >.05

5. C. i r r o r a tu s  100$ vs C. sapidus 100$ Gut 0 .5 >.05

6 . C. i r r o r a tu s  100$ vs L. em arginata 100$ Gut 2 .5 <.05

7. C. sapidus 100$ vs L. em arginata 100$ Gut 2 .1 <.05

8 . C. i r r o r a tu s  1+0$ vs C. sapidus 1+0$ Gut 0 .5 >.05
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th e  s a l i n i t y  o f  acc lim ation  remains th e  same. During ho th  seasons 

th e  w ater p e rm eab ility  o f  th e  g i l l  and g u t t is s u e s  o f  crabs acclim ated 

to  Uo$ se a  w ater i s  s ig n if ic a n t ly  lower (P <  .05) than  th e  t i s s u e s  o f  

c rabs acclim ated  to  100$ sea  w ater (Table 5A, In  2 , 3> 5> 6 ; Table 6 ) .

A comparison o f  th e  in te r s p e c i f ic  d iffe re n c e s  in  w ater p e rm eab ility  

a lso  y ie ld s  some in te r e s t in g  r e s u l t s .  During th e  summer experim ents, 

th e re  were no s ig n if ic a n t  d iffe re n c e s  ( P ^ . 05) between th e  w ater 

p e rm eab ility  o f  th e  g i l l s  o f  C. sapidus and L. em arginata; w hile th e  

movement o f  THO across  th e  gu t was lo w e r in  L. em arginata ( P < .001) 

(Table 5C, In  3 , 7 J Table 6 ) . In  th e  w in te r  experim ents, th e  g i l l  and 

gu t t i s s u e s  o f  L. em arginata ex h ib ited  s ig n if ic a n t ly  h ig h er $ sa tu ­

r a t io n  v a lu es ( P < . 05) th an  th e  t i s s u e s  o f  C. sap id u s .

The r e s u l t s  o f  th e  $  s a tu ra tio n  values fo r  th e  muscle t is s u e s  a re  

p resen ted  in  Table 7 and F ig s. U, 5 and 6 . For a l l  th re e  sp e c ie s , th e  

muscle t i s s u e  th a t  was o sm o tica lly  s tre s se d  ex h ib ited  $ s a tu ra tio n  

values th a t  a re  s ig n if ic a n t ly  h ig h er (P < .0 5 )  than th e  n o n -s tre ssed  

t i s s u e  (Table 5B, In  11-15; Table 7 , In  1&2, 3&U, 9&10)» Thus, an 

osm otic s t r e s s  o f  10$ o f th e  o r ig in a l  s a l in i ty  increased  th e  in f lu x  

o f  THO in to  th e  t i s s u e .

The $  s a tu ra tio n  values fo r  th e  muscle t is s u e s  from C. I r ro ra tu s  

acclim ated  to  100$ sea  w ater were not s ig n if ic a n t ly  d i f f e r e n t  from th e  

muscle t i s s u e  o f  th o se  acclim ated  to  !*0$ sea  w ater (P> . 05) (Table 5A,

In  7 j Table 7 , In  1 , 3; F ig . U). However, in  C. sap id u s , muscle from 

crabs acclim ated  to  100$ sea  w ater e x h ib ited  THO in flu x es  th a t  were 

s ig n i f ic a n t ly  low er than  th e  THO in flu x e s  in  muscles from crabs 

acclim ated  to  Uo$ sea  w ater (P< .05) (Table 5A, In  8 ; Table 7 , In  5,

7 j F ig . 5 ).



TABLE 5D

E ffe c ts  o f  season on th e  w ater p erm eab ility  o f  th e  g i l l  and gu t t is s u e s  o f  C. sapidus and 

L. em arginata.

Experim ental C onditions T issue ^ $  S a t. P

1. C. sapidus 100$ summer vs C. sapidus 100$ w in ter G i l l 51.7 <.001

2. C. sapidus U0$ summer vs C. sapidus Uo$ w in te r G il l 21.7 <.001

3. L. em arginata 100$ summer vs L. em arginata 100$ w in te r G il l l»6.6 <.001

U. C. sapidus 100$ summer vs C. sapidus 100$ w in te r Gut 3 .5 <.001

5. C. sapidus kO$ summer vs C. sapidus ^0$ w in te r Gut 1 .8 <.001

6 . L. em arginata 100$ summer vs L. em arginata 100$ w in te r Gut 0 .9 <.05



TABLE 6

E ffe c ts  o f  season ( in  mean <fy s a tu ra t io n ) .

Species N S a l in i ty  o f
Acclim. ($S.W.)

1. C. sapidus (Summer) 6 100
2. c . sapidus (W inter) 25 100

3. c . sapidus (Summer) 6 ho
1*. c . sapidus (W inter) 16 1*0

5. L. em arginata (Summer) 6 100
6. L. em arginata (W inter) 25 100

7. C. sapidus (Summer) 6 100
8. C. sapidus (W inter) 25 100

9. C. sapidus (Summer) 6 Uo
10. C. sapidus (W inter) 16 1*0
11. L. em arginata (Summer) 6 100
12. L. em arginata (W inter) 25 100

Tissue Mean #
S a t. (1 h r . )

Standard
E rro r

G il l 67.83 16.35
G il l 16.08 £ 2.78
G il l 28.39 t 6 .8 2

G il l 6.66 + 0.98
G ill 75.^2 + 11.53
G ill 28 .80 *4.3
Gut 5.00 + 0.38
Gut 1.1*9 -* 0.15
Gut 2 .76 + 0.37
Gut 0.93 + 0 .15
Gut 2.93 + 0 .25
Gut 2 .03 ± 0 .19



table 7

Water p e rm eab ility  o f  th e  muscle t is s u e  o f  th e  th re e  sp ec ies  o f  c rab s.

Species N Acclim.
S a l. (#S.W.)

1. C. i r r o r a tu s 5 100

2. C. i r r o r a tu s 5 100

3. C. i r r o r a tu s 5 Uo

U. C. i r r o r a tu s 5 Uo

5. C. sapidus 6 100

6 . C. sapidus 6 100

7 . C. sapidus 6 Uo

8. C. sapidus 6 Uo

9. L. em arginata 5 100

10. L. em arginata 5 100

Treatment Mean $  S td .
S a l in i ty  ($S.W.) S a t. (Pergram) E rro r

100 133.6 + 11 .5

10 185.8 ± VO«
00

Uo 110.3 ± 22.U

u 179.7 + 2U.8

100 12U.U + 8 .5

10 1U1 .3 ± 10 .6

Uo 152.0 + 11.6

u 20U.1 + 9 .1

100 159 . * 13 .5

10 199.3 +
11 .5
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R esu lts  o f  th e  tim e course s tu d ie s  on th i s  s e t  o f  experim ents 

show th a t  th e re  a re  no s ig n if ic a n t  in c reases  (P>.05) in  $ s a tu ra tio n  

w ith  th e  tim es te s te d  (10, 20, 30, and 1+5 m inutes). In  alm ost a l l  

cases th e re  was an in c re a se  in  th e  amount o f  THO taken in ;  however, 

th e se  in c re a se s  were no t s t a t i s t i c a l l y  s ig n if ic a n t .

In  g en e ra l i t  may be s ta te d  th a t  th e re  i s  a  red u ctio n  in  w ater 

p e rm eab ility  o f th e  g i l l  and g u t t i s s u e s  when C. i r r o r a tu s  and 

C. sapldus a re  acclim ated  to  a lower s a l in i ty .  S easo n a lity  a lso  

a f f e c ts  th e  w ater p e rm eab ility  o f  th e  g i l l  and gu t t is s u e s  in  

L. em arginata and C. sap id u s , s in ce  th e  crabs te s te d  in  th e  w in te r 

e x h ib it  low er p e rm e ab ility  to  w ater. However, su b jec tin g  t i s s u e s  to  

an osmotic s t r e s s  o f  10$ o f  th e  a tc lim a tio n  s a l in i ty  does not a l t e r  

th e  p e rm eab ility  o f  the  g i l l  and gut t i s s u e s .  On th e  o th e r hand, 

muscle t i s s u e  i s  a f fe c te d  by an osmotic s t r e s s ,  s in ce  a 10$ s tr e s s  

causes an in c re a se  in  THO uptake by th e  muscle t i s s u e  o f th e  th re e  

crabs s tu d ie d . There i s ,  however, no g en era lized  e f fe c t  o f  the  

s a l i n i t y  o f acc lim atio n  on th e  THO uptake by th e  muscle t i s s u e .

EXPERIMENTS USING EXTRACTS OF NEUROENDOCRINE TISSUES

G il l  and gu t t i s s u e s  o f  L. em arginata were tre a te d  w ith  

e x tra c ts  made from t i s s u e s  o f  L. em arginata acclim ated to  100$ sea 

w ater and C. sapidus acclim ated  to  Uo$ sea w ater. The r e s u l t s  o f  

th e  THO in flu x e s  are  p re sen ted  in  Table 8 and 9 and in  F igures 

7 and 8. Water p e rm eab ility  o f  th e  g i l l s  and g u ts  t r e a te d  w ith  NM 

e x tra c ts  was not s ig n if ic a n t ly  d i f f e r e n t  ( P ^ . 05) from th a t



TABLE 8

E ffe c ts  o f  neuroendocrine e x tra c ts  on th e  w ater p erm eab ility  o f  th e  g i l l  t i s s u e  
o f  th e  th re e  sp ec ies  o f  c rab s.

Species N Acclim.
S a l. ($S.W.)

Treatment Mean $
S a t. (1 h r . )

S td .
E rro i

1. C. sapidus 25 100 Water 16.08 + 2.78
2 . C. sapidus 5 100 N.M. E x tra c t from 2 C. sapidus 100$ lU.27 + 6.1H

3. C. sapidus 5 100 E .S . E x tra c t from U C. sapidus 100$ 11.86 + 5.35
u. C. sapidus 5 100 T.G. E x tra c t from h C. sapidus 100$ 3.95 ± 1.65

5. C. sapidus 5 100 E .S . E x trac t from 2 C. sapidus Uo$ 9.73 t 2.80
6. C. sapidus 5 100 T.G. E x trac t from 2 C. sapidus Uo$ 6.96 t 2.33

7. C. sapidus 16 ho Water 6.66 £ O.98

8. C. sapidus 6 ho N.M. E x tra c t from 2 C. sapidus Uo$ 7.07 + 2.08

9. C. sapidus 5 ho E .S . E x trac t from U C. sapidus Uo$ 5.37 + 1.35

10. C. sapidus 5 ho T.G. E x trac t from U C. sapidus Uo$ h.63 + O.69
11. L. em arginata 25 100 Water 28 .8 + h.3
12. L. em arginata 5 100 N.M. E x trac t from 2 L. em arginata 100$ 28.2 4 1U.3
13. L. em arginata 5 100 E .S . E x tra c t from U L. em arginata 100$ 27.7 ± 9 .0
lU. L. em arginata 5 100 T.G. E x trac t from U L. em arginata 100$ 16.3 £ 3 .0
15. L. em arginata 5 10.0 E .S . E x tra c t from 2 C. sapidus Ho$ 13.8 + 2 .9
16. L. em arginata 5 100 T.G. E x tra c t from 2 G. sapidus 1*0$ 6 .9 + 2 .7



TABLE 9

Effects of neuroendocrine extracts on the water permeability of the gut tissue 
of the three species of crabs.

Species N Acclim. Treatment Mean $ Std.
Sal. ($S.W.) Sat. (l hr.) Error

1. C. sapidus 25 100 Water 1.1*9 + 0.15
2. C. sapidus 5 100 N.M. E x tra c t from 2 C. sapidus 100$ 1.5fc i 0.20

3 . 0 . sapidus 5 100 E .S . E x tra c t from 1* C. sapidus 100$ 1.83 +• O.3I*
1*. C. sapidus 5 100 T.G. E x trac t from U C. sapidus 100$ 0.96 + 0.37
5. C. sapidus 5 100 E .S . E x tra c t from 2 C. sapidus 1*0$ 1.13 + 0.50
6. C. sapidus 5 100 T.G. E x trac t from 2 C. sapidus 1*0$ 1.1*1 t 0 . 5I*
7. C. sapidus 16 1*0 Water 0.93 0.15
8. C. sapidus 6 1*0 N.M. E x trac t from 2 C. sapidus 1*0$ 1.31 t 0.09
9. C. sapidus 5 Uo E .S . E x trac t from U C. sapidus 1*0$ 0.66 ± 0.23
10. C. sapidus 5 Uo T.G. E x tra c t from U G. sapidus 1*0$ 0.53 ± 0.12
11. L. em arginata 25 100 Water 2.03 ± 0.19
12. L. em arginata 5 100 N.M. E x trac t from 2 L. em arginata 100$ 2.57 ± 0.1*9

13. L. em arginata 5 100 E .S . E x trac t from U L. em arginata 100$ I . 7I* ± 0.1*3
ll*. L. em arginata 5 100 T.G. E x trac t from 1* L. em arginata 100$ 0.95 ± 0.11

15. L. em arginata 5 100 E .S . E x trac t from 2 C. sapidus 1*0$ 1.37 ± 0 . 31*
16. L. em arginata 5 .100 T.G. E x tra c ts  from 2 C. sapidus 1*0$ 1.27 ± 0 . 31*
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o f  th e  g i l l s  and g u ts  th a t  d id  no t re c e iv e  e x tr a c ts  (Table 5E, In  9> 

22; Tables 8 and 9 , In  11, 12). T herefo re , an a l te r a t io n  in  

p erm eab ility  cannot be a t t r ib u te d  to  th e  p resence o f  a  f a c to r  in  th e  

non-neuroendocrine t is s u e s  o f c rab s . The g i l l  and gut t i s s u e s  d id  not

e x h ib it  a  s ig n if ic a n t  decrease (P>  .05) in  th e  THO in f lu x  when they

were t r e a te d  w ith  e x tra c ts  made from th e  ES o f  1* L. em arginata 

(Table 5E, In  11, 2k} Tables 8 and 9,  In  13). However, th e  g i l l  

t i s s u e s  do show a s ig n if ic a n t  decrease  (P <  .05) in  w ater p e rm eab ility  

when they  a re  t r e a te d  w ith  e x tra c ts  made from th e  TGM o f  k 

L. em arginata o r  ES from 2 C. sapidus acclim ated  to  40$ sea  w ater 

(Table 5E, In  10, 13; Table 8 , In  1*1, 15). The g re a te s t  red u c tio n  

occurs when th e  g i l l s  a re  t r e a te d  w ith  th e  TGM e x tra c ts  from 2 

C. sapidus acclim ated  to  ^0$ sea  w ater ( i . e . ,  28 .8  to  6 .9 )  (P< .001) 

(Table 5E, In  12). Water p e rm eab ility  o f  th e  gu t t i s s u e  was s ig n i ­

f ic a n t ly  reduced only  when t r e a te d  w ith  e x tr a c ts  from th e  TGM o f  U 

L. em arginata (P< .05) (Table 5E, In  23; Table 9 , In  lU ). Treatment 

o f  th e  gu ts w ith  TGM o r ES e x tra c ts  from 2 C. sapidus acclim ated  to  

Ho$ sea w ater caused a red u c tio n  in  p e rm eab ility  to  w ater ( i . e . ,  2 .03 

to  1.27 o r  2 .03  to  1 .3 7 ). However, due to  th e  v a r i a b i l i ty  o f  th e

t i s s u e  response, th e  w ater p e rm eab ility  o f  th e  gu ts t r e a te d  w ith

e x tra c ts  from C. sapidus d id  not prove to  be  s ig n i f ic a n t ly  low er 

(P<  .1 , P> .05) than  th e  w ater p e rm e a b ility  o f  th e  co n tro ls  (Table 5E, 

In  25 , 26 ).

G i l l  and gut t is s u e s  o f C. sapidus acclim ated  to  100$ sea  w ater 

were t r e a te d  w ith  e x tra c ts  made from t i s s u e s  o f  C. sapidus acclim ated  

to  100$ sea  w ater and C. sapidus acc lim ated  to  Uo$ sea w ater. The $
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s a tu ra t io n  va lues a re  p resen ted  in  Tables 8 and 9 and F ig s . 9 and 10. 

The $  s a tu ra t io n  values o f  b o th  g i l l s  and gu ts fo r  th e  NM c o n tro ls  

were not s ig n i f ic a n t ly  d i f f e r e n t  from th e  t is s u e s  th a t  d id  no t rece iv e  

e x tr a c ts  (P> .05) (Table 5E, In  1 , ll*; Tables 8 and 9, In  1, 2 ) . The 

w ater p e rm eab ility  o f  th e  g i l l  t i s s u e s  was reduced s ig n if ic a n t ly  when 

e x tra c ts  o f  TGM from 1+ C. sapidus acclim ated to  100$ sea  w ater (P< .00l) 

o r  TGM from 2 C. sapidus acclim ated  to  Uo$ sea w ater (P< .05) were 

added (Table 5E, In  2 , k;  Table 8 , In  k,  6 ) . E x tra c ts  o f  th e  ES o f  

C. sapidus acclim ated  to  b o th  100$ (P> .05) and ^0$ sea w ater (P< 0 .1 ) 

reduced th e  p e rm eab ility ; however, th e  d iffe re n c e s  were no t s ig n i f i ­

can t (Table 5E, In  3 , 5j Table 8 , In  3 , 5 ). The THO in f lu x  o f  th e  

gu t t i s s u e  was not reduced s ig n if ic a n t ly  (P > .0 5 )  by th e  a d d itio n  o f  

any o f  th e  e x tr a c ts  (Table 5E, In  15-18; Table 9,  In  3 -6 ), The TGM 

e x tra c t  o f  C. sapidus acclim ated  to  100$ sea w ater d id  reduce th e  

p e rm ea b ility ; however, th e  d iffe re n c e  was not s ig n if ic a n t  (Table 5E,

In  15).

The t i s s u e s  o f  C. sapidus acclim ated  to  Uo$ sea w ater were t r e a te d  

w ith  e x tr a c ts  from th e  t i s s u e s  o f  C. sapidus acclim ated to  Uo$ sea 

w ater (Tables 8 and 9 ; F ig s. 11 and 12). The $  s a tu ra tio n  values o f  

b o th  th e  g i l l s  and gu ts  do no t vary  s ig n i f ic a n t ly  from th e  values o f  

th e  w ater c o n tro l  (P > .0 5 )  w ith  th e  ad d itio n  o f  any o f  th e  e x tra c ts  

(TGM, ES, o r  MM) (’Table 5E, In  6 -8 , 19-21; Tables 8 and 9 , In  8 -10). 

E x tra c ts  from th e  TGM and ES reduce th e  p e rm eab ility  to  w ater bu t 

no t s ig n if ic a n t ly  (Table 5E, In  7 , 8 , 20, 21).

The w ater p e rm eab ility  o f  b o th  th e  g i l l  and gu t t i s s u e s  o f  

C. sapidus and L. em arginata i s  a ffe c te d  by e x tra c ts  made from th e



TABLE 5E

E ffe c ts  o f  neuroendocrine e x tra c ts  on th e  w ater p e rm eab ility  o f  th e  g i l l  and gut 

t i s s u e s  o f  C. sapidus and L. em arginata.

Experim ental C onditions   T issue 4 $  S a t. P

1. C. sapidus 100$ c o n tro l vs NM e x tra c t  C. sapidus 100$ G il l 1 .8 >.05
2 . C. sapidus 100$ c o n tro l vs TGM e x tra c t  C. sapidus 100$ G il l 12 . 1+ <.001
3 . C. sapidus 100$ c o n tro l vs ES e x tra c t  C. sapidus 100$ G il l k.2 >.05
k. C. sapidus 100$ c o n tro l vs TGM e x tra c t  C. sapidus Ho$ G il l 9 .1 <•05
5. C. sapidus 100$ c o n tro l vs ES e x tra c t  C. sapidus U0$ G il l 6 .U <.10
6 . C. sapidus Uo$ c o n tro l vs NM e x tra c t  C. sapidus U0$ G il l 0 .U >.05
7 . C. sapidus U0$ c o n tro l vs TGM e x tra c t  C. sapidus Uo$ G il l 2 .0 >.05
8 . C. sapidus U0$ c o n tro l vs ES e x tra c t  C. sapidus Uo$ G il l 1 .3 >.05
9- L. em arginata 100$ c o n tro l vs NM e x tra c t  L. em arginata 100$ G il l 0 .6 >.05
10 . L. em arginata 100$ c o n tro l vs TGM e x tra c t  L. em arginata 100$ G il l 12.5 < .05
11. L. em arginata 100$ c o n tro l vs ES e x tra c t  L. em arginata 100$ G il l 1 .1 >.05
12 . L. em arginata 100$ c o n tro l vs TGM e x tra c t  C. sapidus Uo$ G il l 21.9 <.001
13. L. em arginata 100$ c o n tro l vs ES e x tra c t  C. sapidus U0$ G il l 15.0 <•05
lU. C. sapidus 100$ c o n tro l vs NM e x tra c t  C. sapidus 100$ Gut 0.05 >05
15. C. sapidus 100$ c o n tro l vs TGM e x tra c t  C. sapidus 100$ Gut 0 .5 >.05
16 . C. sapidus 100$ c o n tro l vs ES e x tra c t  C. sapidus 100$ Gut 0 .3 >.05
17. C. sapidus 100$ c o n tro l vs TGM e x tra c t  C. sapidus U0$ Gut 0.08 >05
18 . C. sapidus 100$ c o n tro l vs ES e x tra c t  C. sapidus U0$ Gut 0 .U >.05
19. C. sapidus U0$ c o n tro l vs NM e x tra c t  C. sapidus U0$ Gut 0 .5 >.05
20 . C. sapidus U0$ c o n tro l vs TGM e x tra c t  C. sapidus Uo$ Gut 0 .U >05
21. c . sapidus U0$ c o n tro l vs ES e x tra c t  C. sapidus U0$ Gut 0.3 >.05
22 . L. em arginata 100$ c o n tro l vs NM e x tra c t  L. em arginata 100$ Gut 0 .5 > .05
23. L. em arginata 100$ c o n tro l vs TGM e x tra c t  L. em arginata 100$ Gut 1.1 <•05
2k. L. em arginata 100$ c o n tro l vs ES e x tra c t  L. em arginata 100$ Gut 0.3 >.05
25. L. em arginata 100$ c o n tro l vs TGM e x tra c t .  C. sapidus 1*0$ Gut 0 .8 < .10
26. L. em arginata 100$ c o n tro l vs ES e x tra c t  C. sapidus Uo$ Gut 0 .7 > .05



% 
SA

TU
RA

TI
ON

GILL TISSUE 
C a l l i n e c t e s  s a p i d u s  1 0 0 %

FIGURE 9

e x t r a c t
16 .0 8

100*
C.aapidus

100*
C .aapidus

100*
C .aapidus

4 0 *
C .aap idus
E.S
e x tra c t  
x - 9 .7 3
p-*- .10

ex trac t
x » 1 4 .2 7 11.86
p>.OS p> .0 5 p <  .O O l

100* 100* 1 00 *  1 0 0 *  100*

TEST SALlNlTY(%sea w a t e r )

40*
C .aapidus
T .G .
e x tra c t
x = 6 .9 6
P < -O S

10074



COir\

GUT TISSUE
C a i i l n e c l e s  s a p i d u s  100%

CO

1 0 0*

100 *
C. sap id u s  
N .M . 
e x tr a c t  
5 * 1 .5 4  
p > .0 5

4 0 *
C .aap idua  
E .S . 
e x tra c t  
A3 1 .13  
p >  .0 5

no
e x t r a c t
X - 1 .4 9

2.0

FIGURE 10

100/ '  100 * /• 100*/* 100 ^

TEST s a l i n i t y  ( % s e a  w a t e r )

4 0 ^
C .sanidua 
T .G . 
e x t r a c t  
x * 1 .4 1  
p ^  .0 5

100*



neuroendocrine tissues. TQM extracts appear to have the greatest 
effect on water permeability, lowering it as much as 21.9$ of the 
original value. The greatest overall effect on water permeability 
occurs when the gills of an osmoconforming species, L. emarginata, 
are treated with extracts from an osmoregulating species, C. sapidus, 
that is acclimated to a lower salinity.
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DISCUSSION 

SEASONAL EFFECTS

There are many studies in the literature that suggest seasonal 
variations in the physiological responses of decapod crustaceans. 
Mantel (1965) and lynch et al. (1973) state that serum chloride, 
sodium, and osmotic concentrations of C. sapidus are higher in the 
winter and lower in the spring and summer months. Weber and 
Spaargaren (1970) found that temperature affected the osmoregulatory 
ability of Crangon crangon. Kamemoto (1976) states that seasonal 
cycles may contribute to the variations workers have observed in their 
studies of the neuroendocrinology of osmoregulation.

Comparison of the water permeability of the gill and gut tissues 
of C. sapidus and L. emarginata in the summer and winter also suggest 
a seasonal effect. The THO influxes were observed to be much lower 
across the tissues of winter animals than across the tissues of 
summer animals. The reduction of water permeability of C. sapidus 
coincides with the reduction of ATPase activity in the gill tissues 
that has been observed by Mantel and by Towle (personal communication). 
It also appears to correspond with a reduction in the general activity 
of this species during the winter months. Warner (1976), in his book 
on the natural history of C. sapidus, reports that when the water 
temperature drops in the winter, crabs are known to burrow into the 
mud and to cease almost all activity until late spring. The natural



history of L. emarginata is not as well known as that of C. sapidus.
In general) however, L. emarginata inhabits deeper water and is a 
less active crab than C. sapidus. The seasonal reduction in permea­
bility is not as great in L. emarginata as it is in C. sapidus and 
this may reflect the more sluggish life style and deeper habitat of 
L. emarginata.

Mantel (1968) has demonstrated that the neuroendocrine levels at 
different stages of the molt cycle affect the water permeability of 
the isolated gut tissue of G. lateralis. Hinsch (1972) states that 
female L. emarginata molt in the laboratory from late August through 
September. C. sapidus is also not known to molt in the winter in 
northern latitudes. Therefore, it may be that hormones involved in 
maintaining animals in the C-U or intermolt stage during the winter 
may affect the water permeability of ionically active tissues.

The osmolality values for C. sapidus do not Indicate the seasonal 
shifts suggested by lynch (1973) and Mantel (1965). There are no 
significant differences between the seasonal osmolalities in this 
study. However, lynch made measurements on freshly caught, naturally 
occuring populations of C. sapidus. Mantel maintained the animals in 
the laboratory for 4-5 days before experimentation. The crabs in the 
present study were maintained in the test salinities at 15° C for a 
minimum of two weeks before the hemolymph was sampled. This may 
account for the lack of seasonal differences between the hemolymph 
and the medium. Also the animals that lynch sampled came from 
populations in water that had a mean osmolality which was lower that 
that of water of the salinity used in the present study. Therefore,
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the osmolality of the hemolymph of crabs from natural populations in 
more saline water is not well documented.

THO DIFFUSION WITH AND WITHOUT AN OSMOTIC GRADIENT

ACCLIMATION

The results of this study show that in both seasons osmotically 
active tissues such as the gill and gut exhibit a reduction in 
permeability when either C. irroratus or C. sapidus is acclimated to 
a lower salinity. It is difficult to make comparisons of these 
results with those found in the literature because most of the other 
data were obtained from whole animals. However, the reduction in 
tissue permeability to water upon acclimation agrees with the re­
duction in whole animal permeability to water observed by workers on 
other euryhaline decapods. Smith (1967) and Capen (1972) have both 
reported that R. harrisii significantly lowers its apparent permea­
bility to water on acclimation to lower salinities. Smith (1970) 
found that C. maenas shows a reduction in apparent permeability in 
50$ sea water and Smith and Rudy (1972) state that H. nudus also shows 
a reduction when acclimated to 60$ sea water.

Capen performed a study that examined the D2O uptake by the body 
and the isolated gills of the decapod R. harrisii. He found that when 
crabs are acclimated to 10$ sea water the permeability to water of the 
whole animal is reduced compared to the permeability of the animal in 
75$ sea water. However, the isolated gill preparations show the
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opposite results; that is, gills in the lover salinity show increased 
water uptake. The contradiction between Capen's data on the isolated 
gills and the present data may he explained by the methods that were 
used. Capen's method consisted of suspending a whole gill in a DgO 
labeled bath for a period of time and measuring the amount of label 
that accumulated in the whole gill tissue. This is essentially the 
same method that was used for the muscle tissue in the present study. 
Therefore, Capen was measuring the diffusional water uptake into the 
Intracellular and extracellular spaces of the whole gill. A greater 
osmotic gradient exists between the external medium and the gill 
tissue in an osmoregulating crab acclimated to 10$ sea water than in 
a crab that is osmoconforming to 75$ sea water. Therefore, high water 
uptake by the cells of the gills in the lower salinity might be 
expected because of the greater disparity in osmolality between the 
cells and the external medium. The gill tissue in the present study 
is perfused in such a manner that the diffusional influx of THO across 
the gill membrane and not the water uptake by the cells is being 
measured. This is more reflective of the system as it operates in 
vivo, as it enables changes in the water movements across the gill to 
be quantified.

The results of the percent saturation values for the muscle tissue 
at the different acclimation salinities do not suggest any clear 
patterns. There is no significant difference in the THO uptake in 
C. irroratus acclimated to 100$ or 1»0$ sea water. The cells of the 
muscle tissue of this species may be able to operate physiologically 
only if there is a relatively constant amount of water present in the



tissue. The percent saturation values of the muscle tissue of 
C. sapidus acclimated to 1+0$ sea water are significantly higher than 
the values of C. sapidus acclimated to 100$ sea water. Perhaps the

ft
dells of this euryhaline decapod are able to tolerate a greater amount 
of water either in or around them and still operate efficently. There 
is also the possibility that the in vitro muscle tissue is not exposed 
to neuroendocrine factors that may control the permeability in vivo in 
an osmoregulating crab acclimated to 1+0$ sea water.

STRESS

The muscle tissue of the three species of decapods responded to 
an osmotic stress by significantly increasing the amount of THO that 
was taken in (Table 5B). This response is predictable based on the 
previous work that has been done on isolated muscle fibers and axons 
of C. sapidus. Lang and Gainer (1969) their classic paper, observed 
that isolated muscle fibers from C. sapidus placed in hyposmotic media 
swell within the first five minutes to a peak and gradually, over 
several hours, return toward their normal volume. Gerard (1975) and 
Gerard and Gilles (1972) have demonstrated the same pattern of volume 
regulation on isolated axons of the same species. The subsequent 
decrease in cell volume appears to be due to the loss of free amino 
acids (Potts and Parry, I96I+; Schoffeniels and Gilles, 1970; Gerard 
and Gilles, 1972). The changes in amino acid concentrations are the 
result of an active process that is responsible for the regulation of 
cellular volume during an osmotic stress. Schoffeniels and Gilles



(1970) do not believe that cellular volume regulation is under hormonal 
control; however, Tucker and Costlow (1975) suggest that ES factors may 
affect the free amino acid changes in the larvae of C. sapidus. The 
time course of the present experiment (10-1*5 minutes) was shorter than 
the several hours needed to observe the return toward normal volume. 
Thus, all of the percent saturation values of the muscles in the 
stressed osmolality are significantly above the values of the muscles 
in the control osmolality.

The present set of experiments measured total uptake of THO by the 
whole piece of muscle tissue. It was impossible to distinguish whether 
the THO was taken up intracelluarly or extracellularly. However, work 
in the literature shows that the extracellular spaces do not vary upon 
exposure to hyposmotic media. Seibers and Lucu (1973) demonstrated 
that the extracellular spaces of C. maenas do not differ significantly 
in response to external salinities. Lockwood and Inman (1973 A, B) 
also found that the extracellular space of the amphipod G. duebeni 
remained constant after the animals had been acclimated to a wide range 
of salinities. Lang and Gainer (1969) examined the extracellular space 
of the isolated muscle fibers that were maintained under different 
salinity conditions for 6 hours at 20°C and found the spaces to be 
unchanged. These data suggest that the increase in THO influx into 
the muscle tissue of the three species of decapods was due to the 
initial increase in cell volume because of the hyposmotic stress.

In all three species of crabs that were examined, there are no 
significant changes in water movement across the gill or gut tissues 
when they are exposed to a salinity stress. The difference between



the response of the muscle tissue and that of the gill and gut tissues 
may be explained by the methods that were used. The method that was 
employed on the muscle tissue measured the THO uptake of the cells of 
the muscle. The method that was used on the gill and gut tissues 
measured the movement of THO across the epithelium from the medium to 
the hemolymph side of the gills and from the lumen to the hemolymph 
side of the gut. The method did not measure the THO uptake by the 
cells of these tissues. The cells of the gill and gut have a cuticle 
that separates the cell membrane from the external environment. How­
ever, the muscle tissue has no cuticle that might affect the diffu­
sional permeability of the tissues. The cellular membranes of tissues 
that have a cuticle may behave differently or with a different time 
course from tissues that do not possess a cuticle.

Capen (1972) showed that R. harrisii acclimated to 75$ sea water 
and stressed with 10$ sea water exhibited a decrease in water uptake 
by the whole animal. However, the present experiments show that
epithelial tissues such as the gill and gut do not respond to an
osmotic stress by changing their diffusional permeability to water.
The individual cells of the epithelial tissues may be responding as 
the cells of the muscle tissue do by increasing their cell volume and 
then lowering it by reducing the amino acid concentrations 
(Schoffeniels and Gilles 1970; Gerard and Gilles, 1972). However, this 
process is undetectable in the present experimental design. Also, the
free amino acid changes in the gill tissue have been reported to be
small (Gerard and Gilles, 1972) and Haberfield and Hass (1975) have 
shown that they may not occur within two hours. The lack of osmotic
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response to  an osmotic s tr e s s  in  th e  is o la te d  t i s s u e  p re p a ra tio n  may 

occur "because th e re  i s  no exposure o f  th e  t i s s u e s  to  th e  c e n tr a l  

nervous system o r to  th e  hemolymph, where f a c to rs  th a t  may a f fe c t  th e  

perm eab ility  o f  th e  membranes m ight be found. T herefo re , i t  i s  

p o ss ib le  th a t  changes in  th e  p e rm eab ility  to  w ater across  th e  g i l l  

and gut a f te r  an osmotic s tr e s s  may occur in  vivo b u t not in  v i t r o .

SITE OF WATER UPTAKE

Hannen and Evans (1973) and Capen (1972) have suggested that the
gills are responsible for the differences in water uptake in different
salinities. This suggestion seems to be supported by the present
experiments since values for hourly water exchange (k ) of several
whole animals (e.g., C. meanas, R. harrisii, H. nudus) compare favor­
ably to the values for the isolated gills of C. irroratus and 
C. sapidus. However, Cornell (197*0 has reported a K value of 8.1+9 
for whole L. emarginata in 100% sea water. In the present study, the 
isolated gills have a K value of 1.39 at the same salinity. These 
findings do not support the hypothesis that the gills are the main site 
for water uptake in this crab. However, the observed increase in 
permeability of the carapace with increased stenohalinity (Gross, 1957) 
may account for some of the differences between the whole body and the 
gill values. L. emarginata, an osmoconforming, stenohaline crab would 
be expected to have a more permeable carapace. The gills, therefore, 
would account for less of the total percentage of the water taken in.
As osmoregulators, C. irroratus and C. sapidus would have less
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permeable exoskele tonsj thus t h e i r  g i l l s  would have exchange r a te s  th a t  

would more c lo se ly  approximate th e  r a te s  fo r  th e  whole body.

TIME COURSE

In  a l l  crabs examined, th e re  are  no s ig n if ic a n t  changes in  THO 

movement w ith  time fo r  th e  g i l l ,  gut and muscle t i s s u e s .  In  most 

ca ses , th e  THO in flu x es  increased  w ith  tim e. However, th e  in creases  

were sm all, and th e re  was high w ith in-group  v a r ia t io n . Some o f th e  

v a r i a b i l i ty  o f  th e  percen t s a tu ra tio n  values o f  th e  muscle t is s u e  

r e s u l t s  from th e  trea tm en t o f th e  t i s s u e .  Muscles were d issec te d  away 

from th e  carapace and cu t in to  se v e ra l p ie c e s . This m anipulation 

causes damage to  th e  c e l l s  and allows cu t f ib e r s  to  be exposed to  the  

experim ental media. The sm all in c reases  o f  p ercen t s a tu ra tio n  values 

w ith tim e suggest th a t  th e  p erfu sio n  system o f  th e  e p i th e l i a l  t is s u e s  

and th e  c e l l s  o f  th e  muscle t i s s u e  were tend ing  toward a steady s ta te  

based on th e  c h a r a c te r is t ic s  o f th e  membranes involved. I t  appears 

th a t  th e  maximum amount o f  uptake o f THO occurs w ith in  th e  f i r s t  hour 

fo r  th e  g i l l s ,  w ith in  th e  f i r s t  30 m inutes fo r  th e  gu t and w ith in  th e  

f i r s t  10 m inutes fo r  th e  muscle t i s s u e .

SPECIES DIFFERENCES

There a re  no d iffe re n c e s  in  th e  p ercen t s a tu ra tio n  values o f  th e  

g i l l  t i s s u e s  among th e  th re e  spec ies  o f  decapods s tu d ied  a t  an 

acclim ation  s a l i n i t y  o f 100$ sea w ater in  th e  summer season. In  100$
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sea water, during the summer, the gut of L. emarginata has percent 
saturation values that are lower than those of the other two species. 
The significance of this is not possible to assess at this time. In 
the winter, however, the permeability of the gills and gut of 
L. emarginata is higher than the permeability of the gills and gut of 
C. sapidus. The permeability of the tissues of both species drop in 
the winter, and the greatest differences in percent saturation values 
between the summer and the winter occurs in C. sapidus. The differ­
ences between the species appear to be correlated to the seasonal 
reduction in response of the two species.

At bQrfo sea water C. sapidus and C. irroratus gill and gut also 
have the same permeability to water. However, the osmolality values 
show that after acclimation to bQPjo sea water, C. sapidus is hyper- 
osmoregulating to a greater extent than C. irroratus. These data 
suggest that the total osmoregulatory ability of a given species does 
not correlate solely with the water permeability of that species.
This indicates that there are other factors involved in the response 
to an osmotic stress, such as active transport of salts and shifts of 
amino acids. (Croghan, 1958; Copeland, 196b; Mantel, 19&7; 
Schoffeniels and Gilles, 1970).

Reduction in water permeability of the epithelial tissues upon 
acclimation appears to be a generalized pattern that is part of the 
total osmotic response of C. irroratus and C. sapidus to a change in 
salinity. This mechanism is of obvious advantage to an animal that 
Inhabits an estuarine environment because such a reduction in input 
of water would limit the work necessary to balance the osmotic influx 
of water.
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The response o f  th e  muscle t i s s u e  o f  th e  th re e  sp ec ies  o f decapods 

to  an osm otic s t r e s s  o f 10$ a lso  appears to  be a  g en era lized  p a tte rn . 

The in c rea se  in  THO uptake by th e  s tre s s e d  muscle t i s s u e  corresponds to  

th e  behav io r o f  s tre s s e d  in d iv id u a l muscle f ib e r s  (Lang and G ainer, 

1969) . The changes in  volume observed would be follow ed by th e  amino 

ac id  s h i f t s  th a t  a re  n ecessary  fo r  i n t r a c e l lu l a r  isosm otic reg u la tio n .

S easo n a lity  a lso  e f f e c ts  th e  THO in f lu x  across th e  g i l l  and gut 

t i s s u e s  o f  C. sapidus and L. em arginata. The THO in f lu x  i s  reduced in  

th e  w in te r  and in creased  in  th e  summer season. These changes in  

p e rm eab ility  may be r e la te d  to  th e  g en e ra l a c t iv i ty  and th e  neuroen­

docrine  s ta t e  o f  th e  anim als in  th e  d i f f e r e n t ' seasons.

NEUROENDOCRINE EFFECTS

Work by Scudamore (19*47), Kamemoto and Tullis (1972), Tullis and 
Kamemoto (197*0, Mantel (1968), and Heit and Fingerman (1975) and 
others has established the presence of central nervous system (CNS) 
factors which affect the salt and water balance of decapod crustaceans. 
The results of this study show that CNS factors from the TGM and the ES 
decrease the water permeability of isolated gill and gut tissues of an 
osmoregulating and an osmoconforming decapod. The ES and TGM of 
crustaceans have been shown to contain cells responsible for neuro­
secretory activity (Bliss and Welch, 1952; Bliss et. al., 195*4; Bliss, 
19515 Passano, 1951). The results of this stud̂ y suggest that more 
neurohormones that affect the reduction in water permeability are 
produced or stored in the TGM than in the ES, since the greatest



reduction in water permeability occurs when tissues are treated with 
TGM extracts (Table 5E). The gill tissue also appears to be more 
sensitive to the neurohormonal extracts than the gut (Table 5E). Many 
workers such as Maddrell (1962) have found that insect gut is partic­
ularly sensitive to neurohormones. Mantel (1968) has shown that 
isolated guts of G. lateralis respond to extracts made from the TGM of 
the same species. Mantel did not examine the permeability of the 
isolated gills of this species. However, the gills of the land crab 
are in a branchial chamber that is filled with air, not water; there­
fore, the gut of this species might be expected to play a more im­
portant role in hydromineral balance, as it does in insects. In fully 
aquatic crabs, the role of the gills as a major site of salt and water 
balance is well documented (Crogan, 1958; Copeland, 196k ; Mantel, 
1967). Hannen and Evans (1973) have calculated that the gills of 
U. pugilator are responsible for 86% of the THO influx. Therefore, it 
is understandable that the gill tissue of the crabs tested exhibit 
greater changes in THO influxes than the gut tissue when treated with 
neuroendocrine extracts.

L. EMARGINATA

The permeability of the gill tissue of L. emarginata was reduced 
significantly by extracts of the TGM and ES made from L. emarginata 
ahd C. sapidus. The permeability of the gut was reduced significantly 
by TGM extracts from L. emarginata (Table 5E). It is interesting 
that the neurohormonal extracts necessary to reduce the permeability



of the epithelial tissues are present in the tissues of a crah that 
inhabits a fully marine environment and that is reported to be an 
osmoconformer (Gilles, 1970). Scudamore (I9U7 ); Bliss et. al., (1966); 
Mantel (1968); Carlisle (1955) and many others have demonstrated 
neuroendocrine regulation of ecdysial water balance in many species of 
crustaceans. Thus, there is a possibility that neuroendocrine factors 
that affect the movement of water at the time of ecdysis are the same 
as or similar to the factors that affect the water permeability 
throughout the molt cycle. Therefore, it is conceivable that an 
osmoconforming crab, such as L. emarginata would, throughout its molt 
cycle possess some of the neurohormones that control water transport
in the stages surrounding ecdysis. L. emarginata is also known to
undergo intracellular isosmotic regulation when exposed to a hyposmotic 
medium (Gilles, 1970). This implies that there are amino acid shifts 
in the tissues. Tucker and Costlow (1975) suggest that ES factors 
affect the free amino acid changes in the larvae of C. sapidus, there­
fore, it is also possible that the neurohormonal factors present in 
L. emarginata affect the intracellular isosmotic regulation.

The largest decrease in THO uptake occurs when the gills of
L. emarginata are treated with extracts from the TGM of 2 C. sapidus
acclimated to sea water. This is to be expected, since an osmo-
regulating crab in a reduced salinity has a low permeability to water 
(Smith, 1970; Capen, 1972) and according to my results seems to have 
a greater amount of neurohormones present in its neurosecretory 
system. The results are different when the permeability of the gut 
tissue is examined. The only significant drop in the THO influx occurs
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when the gut tissue of L. emarginata is treated with TGM extracts from 
h L. emarginata. The THO influx is reduced when extracts from 
C. sapidus Eire added hut not significantly (Table 5C). The gut tissue 
appeeirs to be more sensitive to extracts from the same species. How­
ever, if the dose of extracts from C. sapidus was increased, a greater 
reduction in permeability might be effected.

The present results indicate that the effects of the extracts Eure 
not species specific, since the extracts from C. sapidus affect the THO 
influx of the tissues of L. emarginata. This agrees with the results 
of Ramamurthi and Scheer (19&7) who have shown that extracts from the 
prawn P. jordani affected the na* efflux of H. nudius. Tullis and 
Kamemoto (197*0 also found that extracts from T. crenata lower the 
permeability of the crayfish P. claricci. In a later paper, however, 
Kamemoto states that CNS extracts from the fresh water crayfish did 
not have the same effect on the water permeability of marine crabs.
L. emarginata is a marine crab and C. sapidus is more of Ein estuarine 
animal. However, these differences in habitat and osmoregulatory 
ability do not seem to change the action of the neurohormones on the 
tissues.

C. SAPIDUS

The THO influxes across the gill and gut tissues of C. sapidus 
acclimated to kCffo sea water are not reduced significantly when treated 
with extracts made from ** C. sapidus acclimated to sea water. The 
THO influx is reduced somewhat when the tissues are treated either with



TGM o r  ES e x tr a c ts ,  however, th e  THO in f lu x  o f  th ese  t is s u e s  i s  very- 

low (mean $  s a tu ra tio n  = 6 .6 )  w ithout e x tr a c ts .  T herefore, a fu r th e r  

red u c tio n  in  p erm eab ility  may be im possib le . The mechanism o f 

neurohormonal a c tio n  i s  unknown. However, th e se  experiments suggest 

th a t  w hatever mechanism i s  re sp o n sib le  could reach  a s a tu ra tio n  p o in t 

beyond which an excess o f  neurohormone has no e f fe c t .

The p erm eab ility  o f  th e  g i l l  t i s s u e s  o f  C. sapidus acclim ated to  

100$ sea  w ater i s  reduced s ig n if ic a n t ly  when tre a te d  w ith  TGM e x tra c ts  

from U C. sapidus acclim ated to  100$ sea w ater and from 2 G. sapidus 

acclim ated  to  Uo$ sea w ater. The g re a te s t  change in  p ercen t s a tu ra tio n  

occurs on trea tm en t w ith  e x tra c ts  from U C. sapidus acclim ated to  100$ 

sea  w ater. P re lim inary  experim ents examined th e  perm eab ility  o f the  

g i l l  and gut t i s s u e s  o f  C. sapidus t r e a te d  w ith  e x tra c ts  made from 

2 C. sapidus acclim ated to  100$ sea w ater. Under th ese  experim ental 

co n d itio n s  th e re  were no d iffe re n c e s  between th e  t is s u e s  t re a te d  w ith 

e x tra c ts  and th e  w ater c o n tro ls .  T herefo re , th e  dosage was increased  

by u sin g  e x tra c ts  from in s te a d  o f  2 anim als. The increased  dosage 

o f  TGM e x tra c t  r e s u l te d  in  a decrease in  th e  THO in flu x  across th e  g i l l  

t i s s u e .  The ES e x tra c t  d id  no t r e s u l t  in  a  decrease . These d a ta  

suggest th a t  some o f th e  neuroendocrine f a c to rs  are p resen t even when 

th i s  sp ec ies  i s  osmoconforming in  100$ sea  w ater. Treatment o f th e  

g i l l  t i s s u e  w ith  e x tra c ts  made from 2 C. sapidus acclim ated to  Uo$ 

sea w ater decreases th e  THO in f lu x . The TGM e x tra c ts  reduce the 

p e rm eab ility  s ig n i f ic a n t ly ;  th e  ES e x tra c ts  reduce th e  p erm eab ility , 

b u t not s ig n i f ic a n t ly  (Table 5C). These r e s u l t s  in d ic a te  th a t  more, 

o r  s tro n g e r , neurohormonal fa c to rs  a re  p re sen t in  animals th a t  are



osmoregulating, since extracts from 2 animals produce a significant 
effect. If the dosage was increased to extracts made from b 

C. sapidus acclimated to *+0$ sea water, a greater change in permea­
bility probably would have been effected. The permeability of the gut 
tissue of C. sapidus acclimated to 100$ sea water was not reduced 
significantly by treatment with any of the extracts. This agrees with 
the general pattern of reduced sensitivity of the gut tissues of the 
two species to the neurohormonal extracts. The largest reduction in 
THO influx, however, occurs when the gut tissue is treated with 
extracts from the TGM of *+ C. sapidus acclimated to 100$ sea water 
(p .1). This is the same treatment that causes the greatest reduction 
in the THO influx of the gill tissue. Increasing the dosage of 
extracts from animals acclimated to 1+0$ sea water from 2 to 1+ most 
probably would reduce the THO influx to a statistically significant 
level.

Kamemoto (1976) in his review paper indicates some of the incon­
sistencies in the results obtained when extracts of GNS tissues are 
injected into whole animals. In some instances, extracts from the 
same neuroendocrine tissue appear to have the opposite effect.
Kamemoto and Tullis (197*0 and Tullis (1975) have separated extracts 
from the TGM and the brain of the euryhaline decapod T. crenata. They 
report the presence of two fractions, a water-soluble fraction that 
decreases the THO influx of the whole animal.and the gills and an 
acetone-soluble fraction that increases the THO influx. Crude extracts 
probably contain multiple hormonal factors; this has been shown in the 
chromatophore controlling hormones (Rao et. al., 1967; Fingerman
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et. al., 1971). Bliss et. al., (1966) have also suggested the presence 
of a diuretic and antidiuretic hormone in G. lateralis.

The CNS tissues in the present study were extracted in water. The 
results of the THO influxes of the isolated tissues treated with these 
extracts agree with the results that Kamemoto and Tullis observed on 
whole animals; that is, there was a decrease in water influx upon 
treatment with CNS extracts. However, Mantel (1968) shows conclusively 
that TGM extracts increase the THO influx across the isolated gut of 
G. lateralis. She also states that boiling the extract destroys its 
activity. All extracts in the present experiment were boiled for 10 
minutes before being used; this could account for some of the differ­
ences in the observed effect of the extract. The concept of multiple 
hormonal factors has been discussed above. Perhaps unboiled crude 
extract contains more of the factors that tend to increase the water 
permeability. In addition, Mantel's experiments were carried out on 
G. lateralis, the true land crab. This species is adapted to a 
terrestrial existence, since the only time that it must return to 
water is to shed its eggs. Therefore, this species is adapted to live 
in an environment that imposes different physiological constraints 
than does an aquatic environment. It is likely that the neurohormonal 
system that is present in any given species of decapod has evolved to 
cope with the physiological problems of that species. Therefore, it 
is conceivable that extracts from the CNS tissues may have the opposite 
effects on the same tissues from different species of crabs which are 
adapted to live in radically different environments. Kamemoto (197*0 
and Kamemoto and Tullis (1972) have partially isolated a factor that



when injected into crayfish, causes an increase in the concentration 
of salts in the hemolymph and an increase in the Na influx. This 
factor is found in the CNS of fresh water decapods or in terrestrial 
decapods associated with fresh water and is not found in marine 
decapods. Extensive work must he done in order to obtain purified CNS 
extracts that can be tested in whole animal and on isolated tissue in 
order to determine the effects extracts have on the same tissues of 
different species.

The reduction of water permeability of the gill and gut tissues on 
treatment with neuroendocrine extracts appears to be consistent for the 
two species' of crabs that were studied. Both the osmoconforming and 
the osmoregulating species possess hormonal factors concentrated in 
their neuroendocrine tissues when they are acclimated to 100$ sea water 
or to 1+0$ sea water. However, the crabs that were acclimated to 1+0$ 
sea water appeared to have a greater concentration of the neuroendocrine 
factors since these extracts generally produce the greatest change in 
permeability to water. The neuroendocrine factors were not species 
specific; the extracts from C. sapidus caused changes in the water 
permeability of the tissues of L. emarginata.
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SUMMARY

1. Cancer irroratus, Callinectes sapidus , and Libinia emarginata are 
osmoconforraing when they are acclimated to 100$ sea water.

2. C. sapidus and C. irroratus are hyperosmoregulating when they are 
acclimated to Uo$ sea water. C. sapidus is the stronger regulator.

3. C. sapidus and C. irroratus can reduce the.water permeability of 
their epithelial tissues on acclimation to a lower salinity.

U. The muscle tissue of C. sapidus and C. irroratus exhibit no
generalized change in permeability on acclimation to a lower 
salinity.

5. The gill and gut tissues of all three species of decapods do not 
exhibit any change in permeability to water in response to a 
10$ osmotic stress.

6. The THO uptake of the muscle tissue of all three species of 
decapods subjected to a 10$ osmotic stress is significantly higher 
than the THO uptake of muscle tissue rot subjected to an osmotic 
stress. This is probably related to changes in cell volume 
associated with intracellular isosmotic regulation.

7. Seasonality affects the influx of THO across the gill and gut 
tissues of L. emarginata and C. sapidus. The THO influx is 
reduced in the winter, this corresponds to the reduction in 
general activity of both species.

8. Neuroendocrine extracts from the TGM and ES reduce the permeability 
to water of the gill and gut tissues of both species.
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9. Both L. emarginata and C. sapidus acclimated to 100$ sea water 
have hormonal factors present in their neuroendocrine tissues.

10. C. sapidus acclimated to Uo$ sea water appeared to have more or 
stronger hormonal factors in its TGM since extracts of TGM 
generally caused the greatest reduction in permeability to water.

11. The neuroendocrine factors were not species specific in their 
action.

12. The gill tissue exhibited a greater response'to the neurohormonal 
factors than the gut tissue.
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